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FOREWORD 


This  collection  of  works  is  dedicated  to  the  physical  properties 
and  the  technology  of  preparation  of  refractory  metals  and  their  metalloid 
borides,  carbides,  nitrates  and  silicides. 

It  reports  the  results  of  investigations  on  absorption  spectra  aid 
emission  spectra  of  columbium  and  chromium  compounds,  the  results  of 
research  into  the  processes  of  joint  co-diffusion  of  two  elements  into 
metals,  the  data  on  the  phenomenological  study  of  the  physical  properties 
of  the  metalloid  phases* 

The  basic  principles  for  production  of  powders  and  articles  from 
rare  metals  and  refractory  compounds  are  examined  for  the  various  fields 
of  contemporary  engineering. 

The  collection  includes  a  number  of  reports  which  illuminate 
individual  problems  of  the  powder  metallurgy  of  ordinary  metals  and 
alloys. 

It  is  intondod  for  engineers,  scientists,  students  of  polytechnical 
schools  specializing  in  refractory  metals  and  their  compounds,  in  powder 
metallurgy,  electronics,  mechanical  engineering  and  in  the  metallurgical 
science. 


HffiFACE 


Recently,  more  and  more  attention  is  being  paid  to  refractory 
metals  and  heat-stable  compounds  in  connection  with  their  use  in  the 
manufacture  of  heat-resisting  alloys,  of  special  fire-proof  hard  alloys 
for  metal  working,  of  corrosion-resistant  parts  for  chemical  apparatuses 
as  well  as  with  their  use  in  electronics,  electric  engineering,  auto¬ 
mation,  and  so  on. 

In  the  USSR,  the  conditions  of  obtaining  the  properties  and 
applying  these  groups  of  metals  and  compounds  were  successfully  inves¬ 
tigated  in  many  scientific  research  organizations,  engineering  bureaus, 
factory  and  school  laboratories. 

At  the  Seminar,  conducted  in  Kiev  on  13-17  June  1$58,  the  results 
of  a  rather  large  bulk  of  work  were  expounded.  The  works  were  made  in 
the  Institute  of  Mdtal  Ceramics  and  Special  Alloys  of  the  Academy  of 
Sciences  USSR,  the  Government  Institute  of  Applied  Chemistry  (Leningrad), 
the  Kharkov  Polytechnical  Institute,  the  Institute  of  Metals  Physics,  the 
Sverdlovsk  Government  University,  the  All-Union  Institute  of  Aviation 
Material,  the  Central  Scientific  Research  Institute  of  Ferrous  Metallurgy, 
the  All-Union  Scientific  Research  Institute  of  Abrasives  and  Polishing, 
the  Institute  of  Metallurgy  of  tho  Academy  of  Sciences  USSR,  the  All-Union 
Scientific  Researu’-.  Institute  of  Fuel  Recovery,  the  Scientific  Research 
Institute  of  the  Government  Committee  of  Radio  Engineering  and  Electronics, 
the  Moskva  Combine  of  Hard  Alloys,  the  Gor’skiy  Polytecjmical  Institute, 
the  Moskva  Electric  Lanqp  Factory. 

The  editorial  board  was  unanimous  in  considering  fjt  proper  to 
publish  in  the  present  collection  that  part  of  the  Seminar*s  material 
which  pertains  to  the  physical  properties  and  crystal  structure  of  the 
electronic  arrangement  of  refractory  compounds,  since  this  part  is 
interesting  in  itself,  and  includes  a  few  theoretical  questions  of 
major  importance. 
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PHYSICAL  PaCPESTIBS  OP  METALLOID  COrfl’OUKDS 

V.  S.Neshpor; 

Institute  of  Metal  Ceramics 
*nd  Sneclal  Alloy*, 

AH  USDS 

The  me toll od  comoounds  include  borides, carbides, nitride* 
and  eilicide*  of  the  transition  metals(vlth  closed  electronic  d- 
and  f-level*), 

'ftie  criteria  o?  metalloid  coTVPCunds  are; 

p 

1)  hl^h  decree  of  hardness  reaching  So >0  kg/mm  ; 

2)  metallic  *hln«  and  In  the  majority  , metallic  conductivity, 
at  least  at  norrini  temperature; 

3)  liiyh  degree  of  thermal  stability;  as  a  rule, the  melting  or 
dissociation  temperatures  of  thr-se  coupour.de  are  very  high(un  to 
3ftOO°C),nnd  frequently  above  the  melting  tenprraturs*  of  the  most 
refractory  metals  and  oxides; 

4)  brittleness  and  absence  of  plastic  deformation  nt  a  tern- 
pereture  in  the  ordrr  of  0.P5  -  0.95 
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r  Urygiv.j.  Cnsnistry  •>£  Mata  11  old  C  cap- and  £ 

According  to  structure , th«  metalloid  compounds  cun  be  divided 

into  two  kinds. 

The  first  group  includes  the  intrusion  structures  with  closely 
pecked  aetel  atoms,  i.e. ,  the  carbides  end  nitrides  of  the  transition 
aetels  subjected  to  the  lew  of  Higgs 

r  i  r  ^  0*69 
*  Me 

where  r^  end  r^a  sure  the  corresponding  etoeio  radii  of  the  metalloid 
end  the  metallic  components. 

In  these  compounds,  the  metalloid  atoms  ere  located  in  the  in- 
teretlces  of  the  oubic  or  hexagonal  close-peck  of  metal  etoae,  and 
they  do  not  form  bonds  with  each  other.  The  bonds  between  the  etoae 
of  metal  end  metalloid  bear  a  directional  character  which  conditions 
high-grade  hardness  and  brittleness  of  the  compound e,  and  they  have 
an  octahedral  configuration  to  which  the  hybridisation  of  the  bond¬ 
ing  &2SP3  orbitals  correspond  [Ij.  Here,  the  d-electrons  of  the  met¬ 
al  participate  in  the  oreatlon  of  the  bond.  This  causes  a  decrease 
in  magnetic  susceptibility  and  a  change  in  electric  conductivity  of 
the  metals  at  the  formation  of  metalloid  compounds  [2] .  The  maximum 
electrlo  density  (eleotron  density)  In  the  bond  directions  is  here 
somewhat  dislocated  sideward  to  the  metal  atoms,  owing  to  the  incom¬ 
plete  etruoture  of  their  d-shell  and, consequently,  to  an  incomplete 
shielding  of  the  nuclear  charge  by  the  electrons  of  this  shelly, 47. 

Ths  degree  of  dislocation  of  the  electron  cloud  depends  also 


k 


r 

upon  the  strength  of  the  aettlloid  electron#  bond,  i.e.,  to  a  firet 
approximation  upon  it*  ionising  potential,  being  diminished  with  ths 
increase  of  the  latter.  Since  the  ionisation  potential  of  nitrogen  1* 
higher  than  that  of  carbon,  the  dislocation  of  tha  elsctron  cloud  to 
the  aetallic  atone  is  less  la  the  Me  -  N  bon-**  than  in  the  Me  •  C 
bonds.  It  is  possible  that,  owing  to  its  considerable  electronegat¬ 
ivity,  which  brings  the  nitrides  olose  to  the  oxl.es,  in  the  first 
oass  the  electron  cloud  is  even  dislocated  toward  the  nitrogen. 

On  fig, 1  we  indicated  the  ealsslon  spectra  of  the  K-eeries 
of  titanlua  in  TiOg,Ti*,TiC.fiI!p  and  Ti  [bj. 


Fig.l.  Eaifoion  spectra  of  the  faeries  of  titanium 
in  TiOg  and  metalloid  ooapeunds. 

(Absoltsa:  e7  a  electron  volte) 
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It  can  be  seen  that  to  the  extent  of  the  electronegativity  and 
the  Ionising  potential  of  the  metalloid ,  the  long-wave  constituent  of 
the  £-11 nr  is  gradually  strengthened  with  the  latter,  and  it  disap¬ 
pears  in  titaniua  hydride  and  netalllc  titeniua,  which  probably  is  re¬ 
lated  to  the  gradual  translation  of  the  density  aaximum  of  electron 
cloud  in  the  above  Quoted  series  of  compounds  to  the  aetal,  and  also 
related  to  an  Increase  in  the  density  of  th*  occupied  states  in  the 
d-bard  of  the  aetal,  but  the  latter  reduces  the  probability  of  pattern¬ 
less  transitions.  In  the  Me  -  X  bonds,  not  all  alectror.s  of  the  two 
components  ars  apparently  occupied,  which  conditions  the  presence  of 
free  electric-current  carriers,  and  the  aetal lie  conductivity  of 
the  intrusion  phases. 

The  second  type  of  metalloid  compounds  includes  compounds  with 
aore  complicated  structure  in  which .parallel  with  the  Me  -  X  bonds, 
there  are  bonds  between  the  metalloid  atoms  themselves.  The  possibi¬ 
lity  of  the  formation  of  such  structures  requires  a  mutual  ovsrlao 
of  the  bonding  orbits  of  metalloid  atoms,  and  it  dependa  upon  the 
relative  el see  of  the  metal  and  metalloid  atoms  and  upon  the  ease  of 
excitation  of  the  metalloid  valency  states. 

The  tendency  toward  the  formation  of  complicated  structures 
increases  In  this  order:  —  nitrides,  carbides,  borides,  and  fili¬ 
cides. 

The  carbides  of  complex  structures  are  formed  In  case  of 


r  i  r>,  )  0.69  (chromium,  manganese,  element*  ot  the  Iren  triad). 

The  boridei  end  •lllcldea  do  not  fora  simple  Intrusion  struc¬ 
ture*  at  any  value  of  r^jr^.  In  these  phase*,  to  the  extent  of  the 
netall old  content,  the  ground  of  the  metalloid  bonds  Is  Intensified, 
and  single  and  double  ohains, two-dimensional  grids,  and  three-dimen¬ 
sional  structural  frames  appear  in  the  lattioe,  formed  by  metalloid 
bonds  with  one  another,  which  can  be  seen  on  Tig. 2. 


/ 


Tlg.2.X)iagraa  of  the  mutual  bond*  of  boron  with  borldee 
of  different  conr^eition. 

(Letters  at  bottomi  a.b.v.g. . .Indicating  a,b,e,d) 

In  the  aaicrlty  of  coses,  the  distance  X  -  X  is  close  to 
the  doubled  common  covalent  radius  of  the  metalloid  atoee.  Appar¬ 
ently,  the  Me  -  X  bonds  in  all  metalloid  compounds  are  close  by 
nature,  which  results  in  a  qualitative  similarity  of  their  physic¬ 


al  properties. 
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Eleotrophytlcal  properties 

The  electronic  struotur®  of  the  metalloid  compound®  la  the  most 
clearly  reflected  In  their  el»*etrophy®icel  propertle®.  G.V.Swaeono 
observed  that  the  eleetrlo  resistance  of  the  transition  Betels  regul¬ 
arly  Increase®  with  the  lnoreaee  of  the  accentor  capacity  of  the  metal 
atom®  (Fig. 3).  The  latter  eAn  be  evaluated  to  a  flrat  ani’roxtmatlon 
by  the  criterion 

?*  1/Sn 

where  N...le  the  main  quantum  number  of  the  partially  filled  d-ehell; 
n, ..1®  the  number  of  d-eleotron®.  The  significance  of  magnitude  ^ 
(Greek  x)  is  therein  that  the  email  W  and  n  are,  l.e.,  th®  larger  £ 
become®,  the  let®  the  •hlelding  It  of  th®  nuclear  charge  of  the  aet- 
al  atom,  and  the  more  the  atomic  core  1®  able  to  act  a®  an  accentor 
of  eupclementary  election®  /6 /. 


Fig. 3.  Relation  of  electric  re®'.®tanc®  of  transition 
metal®  to  their  acceptor  caned  ty(^  ). 

(On  ordlnatai  r  micro-ohm  cm). 
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Increase  In  the  acceptor  capacity  leads  to  supplementary  elec¬ 
tron  scattering  at  the  lattice  points  occupied  toy  the  transition  nat¬ 
al  a tecs ,  and  consequently  to  an  increase  in  electric  resistance.  Com¬ 
parison  of  the  value  of  electric  resistance  of  the  metalloid  compounds 
vlth  the  magnitude  \  of  the  metals  shows  (fig. 4)  that  the  reelatan- 
oas  of  borides, carbides  and  nitrides  regularly  decrease  with  the  in¬ 
crease  of  the  metal  *  a  fc,  . 


fig.  4  .delation  of  electric  resistance  of  metalloid  com¬ 
pounds  to  the  acceptor  capacity^  )  of  the  matal 
components!  ...borides;  o... carbide;  x... nitride. 
(On  onlinatai  r  micro-ohe  cm) 

Ibis  tendency  is  also  observed  for  silieides.but  it  is  leset  olearly 
expressed.  The  cause  of  such  a  relationship  is  given  by  the  follow¬ 
ing.  The  increase  in  the  acceptor  oapaoity  of  aetal  atens  leads  to 
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greater  dislocation  of  the  electron  cloud  In  the  Me  -  X  bond  direc¬ 
tion*  toward  the  aetal  atom  cores,  which  provoke*  a  atatistlcal  de¬ 
crease  in  the  electron  defect  of  their  d-ahell;  oonsequentlx.it*  ac¬ 
ceptor  oapacity  and  the  scattering  effect  upon  the  conductivity  elec¬ 
trons  decreases.  The  la-  «r  in  its  turn  leads  to  a  reduction  in  elec¬ 
tric  resistance.  The  strength  of  interatomic  bonding  In  the  netalloid 
compounds  aleo  happens  tc  increase, a*  it  will  be  indicated  below.  Con¬ 
sequently  , the  effective  cross-section  of  the  phonons ( lattice-vibra¬ 
tion  quanta)  ie  reduced  which  seem  to  be  aleo  a  source  of  the  scat¬ 
tering  conductivity  electrons.  Due  to  this,  with  the  growth  of  &,  a 
reduction  In  the  electric  resistance  of  metalloid  corpounds  occurs 
sharply. 

for  th«  hexaborides  of  fd-  transitional  metals  with  a  CaBg 
type  of  structure,  the  growth  In  sleotric  resistance  was  found  to 
run  parallel  with  the  enlargement  of  the  atomic  number  of  the  metal¬ 
lic  component  in  the  series  LaBg  -  C*Bg  -  . ..SmBg,  which  it  related 
to  the  reduction  in  effective  concentration  of  the  current's  car- 
riers(  ths  free  electrons) , as  a  result  of  the  elevation  of  the  stab¬ 
ility  of  the  (4f)-«tat*  in  this  series  and  the  difficulties  of  the 
f-4d  transition  (26, 29), 

Jointly  with  N.V.Iolomoits,  Q.V. Samsonov,  and  SA.Semenko- 
vich  (?)  ,w#  have  investigated  the  thermal  rtlatioa  of  electric  re¬ 
sistance  of  a  number  of  metalloid  compound *(flg. 5  •  8).  The  draw- 
L  J 
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inge  make  it  clear  that  for  borides  and  eurbides,  the  metallic  con- 
duotivity  corresponds  at  all  the  examined  temperature  intervale,  and 
their  resistance  linearly  Increases  with  the  temperature,  which  -points 
to  an  independence  of  the  number  of  the  current {s  oarrlers  froa  the 
temperature  j%J  and  to  a  sufficiently  full  overlapping  of  the  band  of 
valency  electrons  with  the  band  of  conductivity. 


Tig.P.Tenroerature  relation  of 
electric  resistance  of  carbides 
(Ordinate i  r  micro -ohm  ca). 


Fif, 6. Temperature  relation  of 
resietanoe  in  boridee. 

(Ordinataj  r  VJJk  mlcroohn 
cm). 


Silioldes  and  nitrides  only  show  similar  oharacter  of  conductivity 
at  definite  temperatures  abort  which  the  dependence  of  their  resist, 
once  upon  temperature  diminishes,  which  can  be  related  only  to  a 
change  in  the  mechanism  of  conductivity, since, at  the  examined  tern, 
perature  range  ,  no  phasic  transformations  are  observed  for  these 
substances. 

L  -I 
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Tig. 7. Temperature  relation  of 
electric  remittance  of  ni¬ 
tride*. 

(Ordlnatai  r  aicroohm  on) 


flf, 8.  Temperature  relation  of 
eleotrlo  resistance  of  alll. 
cldee. 

(Ordinata:  r  aicrooha  ea). 


The  reduction  in  resistance  with  the  temperature  growth  is 


related  to  a  noticeable  increase  in  the  number  of  the  current's  car¬ 


riers  under  the  influence  of  varr.ln£-up,  which  it  characteristic  for 
semiconductors  /8 J,  She  cause  of  ehange  in  the  conductivity  meefcan- 
lsa  in  case  of  the  examined  sllicl&et  sad  nitrides*  is  apparently 
found  in  a  slight  overlapping  of  the  energy  bands  of  the  valenoy  and 
conductivity  electrons .which  at  increased  tempers ture  causes  the  ap¬ 
pearance  of  energy  gape  between  then, as  a  result  of  the  increase 
of  interlaminar  distances  in  the  crystals.  An  analogous  relation  of 
resistance  te  tenperature  was  detected  by  L.K.Ousev  and  V. I. Ovechkin 
for  chromium  disillcids  /to/. 
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r  Qforaj:  for  titanium  nltrldo,  a  deviation  of  the  thoraal 

relation  of  reeietanee  froa  linearity  we  a  only  detected.  Apparently, 
the  temperature  obtained  by  ue  1»  not  enough  to  oauee  a  dlvergenoe  of 
the  valency  and  conductivity  eonee  .) 

In  thle  aanner,  the  boride*  and  earbldee  of  tranoitlon  metal* 
au*t  belong  to  metal- type  eubetanee*  with  mibetantiel  overlapping  of 
the  band*  of  the  valency  and  conductivity  eleotron*.  while  the  ni  - 
trldee  and  ellloldee  apparently  belong  to  aealaetal*  with  a  elicit 
ovarian  of  theee  band*. 

The  theraoelectromotlve  force  arising  in  the  metalloid  com. 
pounds  1*  not  large,  reaching  the  order  of  a  few  dosen  microvolt* 
by  grade,  1.*,,  it  ha*  the  same  order  as  also  la  case  of  metals 
£  11.12} .  Some  elllelde*  (CrSig  jlc] ,  MnSl  and  ToSlg  ^3,u))  are 
eicluded.  Their  theraoelectromotlve  force  has  the  order  of  10s  ml- 
cro-V/°C,  which  emphasise*  their  intermediate  position  between  net- 
ale  and  eeal-conduotors.  With  the  elevation  of  temperature,  the 
theraoelectromotlve  foroe  of  borides, nitrides, and  eillcldee  le  In¬ 
creased  (fig. 9  .  1C),  which  points  to  the  vacancy  character  of 
'  their  conductivity  ( +■  dt>C /dT  ),  and  for  the  carbides  it  decreases, 

which  corresponds  with  the  eleotron- type  conductivity  («do</d?) 
ere  the  «(  designates  the  thermcelectromotive  force  for  1°X. 

Together  with  Saaeonov  and  Kudin taev ,we  investigatod  the 
theraoealeslen  parameters  cf  the  borides  and  transition  metals/ldj. 
i_  It  was  shown  that  the  work  function  of  eloetrone  froa  d-trmaeltlon  J 
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fig.9.f*aperature  relation  of  tb*  th«rao*l*etroaotlT* 
fore*  of  oarbid**  and  borld**. 

(At  top, l*ft:  •lcroToU/°C;  at  top  right:  Vb 
•qoal*  Ob), 


Tig, 10.  ?*np*ratur*  relation  of  therBoaloetroaotlT* 
fore*  of  altrld**  and  *llieid**. 

(Oa  ordlnatai  alerorolt/eC). 


metals  decreases  with  the  growth  of  the  acceptor  eapaclty(  l.e,  .with 
the  reduetion  of  the  degree  of  shielding)  of  their  atoms  (Tig. 11). This 


Tig.  11.  Relation  of  the  work  function  of  electrone  from 
trmneltion  aetele  to  the  acceptor  capacity  (  ^  ). 

(Ordlnatai  work  function). 

ia  related  to  the  growth  of  the  perturbation  effect  of  atomic  cores 
upon  electron  conductivi ty ,and  thue  to  an  elevation  of  the  level  of 
the  chemical  potential.  On  the  contrary,  for  the  borides  of  the 
d- transition  net ale,  as  it  can  be  seen  on  Tig. 12,  the  work  function 
of  electrons  increases  with  the  growth  of  the  acceptor  capacity  of 
the  d-shell  of  metal  atoms,  which  —  as  it  was  already  indicated  ab¬ 
ove  —  is  related  to  the  rise  in  the  degree  of  dislocation  of  the 
electron  cloud  of  binding  toward  the  atomic  cores  of  metal,  also  re¬ 
lated  to  the  statistical  filling  of  the  d-state  with  these  electrons. 

L  The  latter  leads  to  a  lowering  of  the  ohemloal  potential  of  else  - 
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rtron»  in  th*  boride  lattiees.which  le  manifested  by  an  lnereaee  in 
the  work  function  of  electron*. 


Tl*.  12.  Relation  of  work  function  of  electron*  of  bor¬ 
ide*  of  transition  metals  to  th*  aaoeptor  capacity 
(  \  )  of  the  metals. 

(Crdlnatat  ^  ,3b ;  on  graobt  tfb  s  Cb) 

Q.A.Kudintsev  and  V.M.Tsarev  [27 J  established  that  the  work 
function  of  electron*  from  the  hsxaborldet  of  th*  rare-*arth(fd- 
- transitional)  aetal*  i*  almost  aonotonouely  growing  from  L*Bg  to 
Xullg , and  in  oas*  of  0d3g  I  t  hae  a  clearly  erpretsed  minimum,  then 
Main  it  increases  toward  Dylg,  and  further  on, it  drops  smoothly 
from  DyBg  toward  Lu3g.  A*  in  case  of  th*  electric  conductivity, too, 
this  relation  is  oonnected  with  the  f  d  transition's  probabili¬ 
ty  /28/ . 
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Interatomic  Infraction  energy  and  th»  bond  strength 
la  astailold  ooirpoundt 

The  high-grade  hardness.the  heat  re el  stance, and  the  ehealcal 
reel  stance  of  metalloid  compounds  prove  the  considerable  strength  of 
bondings  between  the  atone  in  crystals. 

G. A.  Samsonov  and  the  author  ^6,17,36^  have  oonrputed  the  in¬ 
ter*  toaic  interaction  power  aeeordln«  to  the  aethod  proposed  by  1.8. 
Sarklsov  and  also  the  Debye  characteristic  temperature  and  the 

amplitude  of  the  atomic  thermal  vibrations  wcording  to  the  data  of 
experiments  and  literature  on  the  theraal  expansion  coefficients  by 
the  aethod  suggested  by  the  author  f\. %J.  The  obtained  results  are 
in  the  Table. 

At  considering  the  changes  la  Interatomic  interaction  energy 
in  case  of  transition  froa  one  metalloid  compound  to  another,  and  the 
changes  of  ths  physical  properties  of  these  compound s  also,  it  le 
easy  to  see  that  the  lnteratonle  Interaction  energy  and  the  phyeioal 
characteristics,  indirectly  connected  with  this  quantity  (hardness, 
characteristic  temperature)  are  lowered  at  transition  froa  a  ooopound 
of  tltanluB  to  a  compound  of  tantalum  and  wolfraaiua  (Tig. 13). 

The  lnteratoulc  interaction  energy  of  borldoe  dots  not  ohange 
hers  monotonously,  in  distinction  froa  ths  carbides  and  nitrides, 
which  is  related  to  the  narked  heterodesala  of  the  oryetal  structure 
of  borides.  8uch  a  nature  of  regularity  in  the  change  of  lnteratoalc 


Fig.  13.  Chang*?  of  energy  of  the  Me  -  X  bond  with  the 
change  of  the  position  of  the  metallic  coononente 
In  the  periodic  system:-*-*-  carbides;  -.-o-  bor- 
ldas;  g  |  nitrides. 

(Ordinate;  Energy  of  the  metal-metalloid  bond, 
fcgoal/mol.  abscissa;  Atcwlc  number  of  traasl- 
tlon  metal). 

interaction  energy  convincingly  indicates  that  the  unfilled  d-theli 
of  the  metal  atoms  plays  a  decisive  role  in  the  structure  of  metal¬ 
loid  compounds. 

An  increase  In  the  degree  of  shielding(  or  a  reduction  In 
the  acceptor  oapaolty)  at  transition  from  the  top  to  the  bottoa 
elements  in  the  groups  of  the  oeriodle  system,  or  generally  at  a 
^eequance  along  the  series  T1  -  V  -  Cr  ~  Zr  -  Ct>  -  Mo  -  h'f  .  la  -  V,  j 
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lead*  to  an  increase  In  th*  electron  energy  in  the  Mo  -  X  bond*,  and 

to  to  a  looa*ning  of  thl*  bond .which  la  *xpr****d  by  a  reduction  in 

interatomic  Interaction  energy. 

On  fig. 14,  we  publish  th*  graph*  of  change  In  th*  bonding  en¬ 
ergy ,  th*  eharacterlatio  tenperature  and  th*  frequency  of  atonic  vi¬ 
bration*  in  carbld**,  in  relation  to  th*  eriterion  of  th*  aooeptor 
capacity  £  of  the  a* tale. 

although  thl*  relation  does  not  *e*a  to  b*  aonotonoue,  yet  th* 
tendency  toward  an  elevation  of  th*  bonding  strength  with  the  growth 
of  i,  1*  rather  clearly  *xpre«**d.  Th*  ayabaalo  chang*  in  the  calcu¬ 
lated  valu**  of  bond  energy  and  In  th*  characteristic*  of  th*  tea. 


?lg. 14.  Relation  of  bond  energy ,hardne**,charaoteri*tlo 
t*ap*mture  and  frequency  of  atonic  vibrationa  in  car¬ 
bide*  to  th*  acceptor  capacity  (l)  of  the  metals, 

(Ordinatat  kgoal/nol;  right  vertical  lln*  or  **o- 
ond  ordlnatat  ca  x  101®  ,**0“*), 
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perature  and  the  frequency  of  vibrations,  extracted  from  experimental 

quantitiee,  oalle  attention  upon  lteelf. 

The  energy  of  the  He  -  X  bonding  in  cArbidee  and  nitrides, 
which  have  simple  lnteretltlal  Intrusion  structure,  has  a  roughly 
identical  value  whereas  In  the  borides  which  are  characterised  by  a 
marked  heterodeemia  of  the  bondings  these  magnitudes  are  less,  which 
probably  Is  caused  so  that  part  of  ths  valency  electrons  in  the  Me  -  3 
bonding  is  connected  with  the  boron  atom. 

In  some  publications  ^20,21^, the  atomisation  heat  is  accept¬ 
ed  aa  a  measure  for  the  strength  of  bonding  in  metalloid  compounds, 
which  in  our  opinion  is  not  correct, since  this  magnitude  reoreeen* 

In  lteelf  merely  the  difference  of  enthalpy  of  the  components  la 
phase  and  in  free  state  of  e  monatomic  gas,  and  it  does  not  diractly 

characterise  the  energy  of  interaction  between  the  atoms  In  a  solid 

/ 

body.  From  Jig. 15  It  can  be  seen  that  the  atomisation  heat  per  one 
g-at (gram-atom)  of  the  metalloid  la  aonotonically  reduced  with  the 
increase  of  the  metalloid  content  in  phmse(the  graphs  are  given  for 
borides  and  ellicidee  of  molybdaenua) ,  l.e.,  with  the  growth  of  the 
ground  for  metalloid  bondings  in  the  crystals  of  the  compounds. 

An  extrapolation  for  a  100- per  cent, content  of  metalloids 
gives  the  heat  of  their  atomisation.  This  is  pointing  to  a  decrease 
in  the  difference  in  enthalpy  of  metalloid  oomoonentt  at  elementary 
state,  and  of  metalloid  compound a. with  increaas  of  the  number  of 
l-  bondings  between  the  metalloid  atone  In  phaeee. 
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fig. 16.  Relation  of  atomisation  heat  per  1  g-at,of  the  Metal¬ 
loid  in  horides(l) .and  ellicidee(2)  of  nolyhdaenua  to  the 
metalloid  content  in  phase. 

(Ordinatas  atomisation  heat  of  metalloid ,hgoai/g-at. j 
Abscissas  Metalloid , at. per  cent.) 


Physloo-aechanlcal  oharacterietioe  of  aetalloid  compounds 
The  baeio  lavs  of  the  phyoico-aechaaioal  properties  of  metal¬ 
loid  compounds  hare  been  formulated  by  the  author  and  O.V.SamsonoT 
In  the  publication  /l7^. 

The  most  characteristic  property  of  the  aetalloid  compounds 
eeeae  to  be  their  high-grade  hardness (See  Table),  related  to  the  dir¬ 
ectional  character  and  the  high  energy  strength  of  the  lnteratoale 
u  J 
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r bond*,  A*  It  oan  be  ■•an  from  tha  Table  and  from  Tig. 16,  the  nioro- 
•hardneas  of  natalloid  eonppunda  daoraaaea  with  tha  increaaa  la  tha 
atomic  aunbar  of  tha  natal  component*  la  tha  gro'tpa,  aad  ac cording 
to  tha  diagonal  of  tha  field  of  tha  periodic  ay atom  occupied  by  tha 
tranaition  aatal a,  which  la  ralatad  to  tha  raduotioa  of  tha  acceptor 
oapacity  of  tha  d-ahall  of  atom*  of  tha  transition  natal*.  On  Tig. 14. 
tha  relation  la  ahovn  between  tha  nlcrohardneae  of  carbida*  to  tha 
criterion  of  tha  acceptor  can* city  t,  .  St  can  be  seen  that  tha  nioro- 
hardnea*  la  growing  with  the  growth  of  K  in  the  aaaa  direction  aa 
tha  lntoratoaic  Interaction  ant  '  y  and  the  characteristic  temperature. 


Fig. 16. Halation  of  nlcroharflneea  of  aetallold  compound# 
to  the  poaltlon  of  tha  natal  ocmponer.te  in  tha  pari- 
odic  ayatan. 

(Ordlnata;  Fraaaura,  kg/mm2.  Abasiaoa;  Atomic 
rnunbar  of  tranaition  aatal. On  diagrams  Kb  a  Ob). 
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Moreover,  to  a  eubetantlal  degree,  the  strength  of  interatomic 
bond, tha  microhardnnae  of  metalloid  ooapounda  depends  upon  tholr  crys- 
tal  atructura. 

fro*  tha  Tab  la  it  ia  evident  that  at  transition  froa  tha  cubic 
■onoearbldee  QbO  and  TaC  to  hexagonal  oarbidea  CboC  and  Ta^C  there  ia 
an  inornate  in  hardness,  without  any  regard  to  tha  fact  that  tha  bond, 
in*  energy  for  the  Me^O  oarbidee  ia  laaa  than  for  tha  MeC  aonocarbidaa. 

in  thie,  atruotura  aaeaa  to  have  an  affect  upon  tha  hardness, 

—  the  cubie  oarbidea  haft  tvs  slippage  planeei  (111)  and  (301). 
whereat  the  hexagonal  oarbidea  have  only  one  (001).  Thie  makes  diffi¬ 
cult  a  plaetic  deformation,  and  it  iacreaaee  the  hardness  of  these 
oarbidea. 

Apparently .an  analogous  ohenomenon  takes  place  for  the  hexa¬ 
gonal  diboridea  of  tranaitlon  metals.  By  comparing  the  mioroburdneea 
of  oarbidea  and  borldea  of  the  tame  metals ,  it  can  be  eeen  that  in 
thoee  caaaa  where  the  interatomic  bonding  energies  of  borldea  and 
oarbidea  are  cloaa  to  the  value  (U^^  /  uM#c °'8^  ,ln  oaM  of  th* 
dielooation  atreaa  of  the  hexagonal  boride  lattioa  ahoae  rigidity  ia 
alec  elevated  by  the  chaina  of  boron  atoma  with  aaoh  other,  dlffleul. 
tlea  will  lead  to  an  overehoot  of  the  hardneaa  of  bondha  above  tha 


hardneaa  of  oarbidea. 


But  in  case  of  /  ^MeC  *trU3'ttr*l  factor  can 

not  oompanaate  for  tha  weakening  of  lattioe  strength,  In  thie  caee.the 


“t 


hardneee  of  borldee  show*  a  eubetar.tlally  ltutr  hardneee  than  tha 
corresponding  carbide*  (ZrC  and  ZrB2;  TaC  and  TaB.,) . 

The  hardnee*  of  the  MeSlg  dieilioide*  ia  considerably  laaa 
than  tha  hardnee*  of  tha  boridss  and  carbides,  due  to  both  tha  laa~ 
aar  energy  lattloa  strength  and  the  laminar  character  of  atruotur*  la 
case  of  a  comparatively  weak  bonding  between  the  metallic  layer*  (in 
eoeparleon  with  boridea)  /fej,  which  facilitate*  their  dialocation 
atrese. 

Attention  ie  called  to  the  high  values  of  the  modulus  of  nor. 
mal  elasticity  and  of  the  aodulue  of  dislocation  of  the  metalloid 
co:$>oaMs  (See  Table), which  correspond*  with  a  greater  strength  of 
interatomic  bond. 
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With  this  difference  in  the  elasticity  moduli  of  transition 
metals  and  their  metalloid  conroounde,lt  decreases  with  the  decrease  of 
the  acceptor  capacity  of  the  metal  atone .which  is  caused  by  the  weak¬ 
ening  of  the  interatomic  bonding  In  the  compounds. 

The  metalloid  phases  are  very  fragile .moreover  their  brittle- 
nees  is  related  to  the  directional  character. and  to  a  much  greater 
rigidity  of  the  interatomic  bonde.whieh  makes  it  difficult  for  the 
elaetlo  etreseee  in  the  material  to  relax.  The  author  and  G.V. Samson¬ 
ov  have  ehown  (&>,&]  that  the  tendency  of  the  metalloid  compounds  to 
sxp&nd  under  the  effect  of  elastic  and  thermal  stresses  is  reduced 
with  the  increase  of  the  amplitudes,  of  atomic  thermal  vibrations  in 
their  crystal  lattices,  i.e,,with  the  reduction  of  the  bonding  rig. 
idlty. 

Together  with  0,7. Samsonov  and  l.M. Khrenov, we  unde  a  detailed 
investigation  of  the  mlcrof raglllty  of  a  larger  number  of  metalloid 
compounds  on  the  PNT-3  apoaratus  fer  the  determination  of  microhArd- 
nese  (&>} .  Moreover,  in  difference  from  publication  (26j, in  this 
case  not  only  the  rate  of  rise  of  the  degree  of  breakage  (crack) 
of  impressions  was  taken  into  acoount  with  the  increase  of  load,  but 
also  the  character  of  the  cracks(See  the  address  of  F.S.Neahpor  af¬ 
ter  the  report  of  Frantsevich  and  Pilyankevlch).It  was  established 
that  the  brittleness  of  these  compounds  increases  in  the  sequence 
of  slllclde  .-boride— nitride— carbide, with  increase  in  the  rigid¬ 
ity  of  the  lnteratenlc  bond.  -I 
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Ths  results  of  this  work  nr*  in  good  qualitative  agreement 
with  tha  raaulta  obtained  earlier  by  the  method  of  studying  the  pack, 
in*  speed  of  tha  powdara  of  hard  compounds  upon  pressing  /ssj. 
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THI  tp,j  AND  L<Ji  XI 88X011  BAUDS  07  COLUKBIUW  IK  Cbll,  CbC  AND  ObB2 

M.  I  .Xor*un*kiy  and  Ya.K.Oankln; 
Ihar'kov  Poly technical  Institute 


?cr  the  explanation  of  the  change  of  valency  electron*  of  co~ 
luabluin  at  the  formation  of  CbC.CbN  and  CbB-.w*  Investigated  the 
enleeion  L-epectra  of  ooluabium.and  ite  Indicated  coepound*  [See  Note] 

(.[HoXqJt  Specimen*  for  the  investigations  were  given  to 
u*  by  G.f.Saasonov  .) 

4*  expound  here  the  preliminary  reeulte  of  the  experiment*. 

Spectra  of  the  L-serlee  of  roentgen  ray*  were  obtained  on  a 
powerfully  trensinittlng  roentgen  spectrograph  according  to  the  meth¬ 
od  of  Johann  with  the  aid  of  a  bent  quart*  aryetal  (d«o  es  4246.02  X) 
of  a  rndlut  of  R  s  1000  an. 

In  the  spectrograph, a  spacially  constructed  roentgen  fluo¬ 
rescence  tube  wae  mounted  with  replaceable  plates. 

To  get  n  great  Intensity  of  the  characteristic  radiation  of 
the  natter  of  the  primary  plate  alrror,  the  cathode  beam  was  salt, 
ted  under  a  snail  angle  of  Inclination  (about  28°). 

During  the  work  of  the  tube,  the  vacuum  in  the  spectrograph 
(about  10  -  8  am  Eg)  wae  maintained  by  N  -  1000  and  KM  •  40  .  A 
L  pumps.  J 
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The  primary  and  secondary  plates  were  cooled  with  running  water. 
The  temperature  of  the  secondary  plate  did  not  exceed  25°C. 

The  alrror  of  the  primary  plate  was  made  of  silver.  The  fluores¬ 
cent  L-op#ctra  of  Cb  were  excited  by  the  characteristic  radiation  of 
the  L-serles  of  Ag. 

In  the  L-epeetra  of  Cb,  the  L  lines  with  subscripts  o< ,  _ 

X  |  4e 1 

C».P.  f'g,  p2  ^  *e  wsll  as  groups  of  satellite  lines  and 
were  obtained  . 

On  Tig. 1, the  microphotcgram  of  the  region  of  the  I*.eerlee  of 
Cb  is  represented,  including  the  L  emission  lines  with  subscripts 
Pl»(^g.  P'4.  ^3.  and  p'g  and  the  reference  line  KaB. 


•  Lh 


i- 


n*.i. 


(On  graph:  Satellites). 
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Hi.  8. 

(Bueaien  word  on  grepluSetellitee) 


On  Tig. 2, the  region  of  the  mm  eoectrua  la  given  between  L  _ 

c*s 

end  .Anelogoua  epectrogreae  were  obteined  for  the  L.eerlee  of  Cb 

in  the  ooapounda  CbC.CbR  end  CbBa. 

Tron  the  ooaperiaon  of  the  obteined  epectrograae  it  oen  be 
u  J 
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••en  that,  at  transition  of  Cb  Into  a  compound .different  parts  of  the 

spectrum  ehan ge.  The  shape  and  the  Intensity  of  the  Individual  spec¬ 
tral  lines  and  satellite  lines  change. 

The  emlfilon  bands  of  and  were  more  thoroughly  stud¬ 

ied. 

On  Fig.3,«icrophotngre*a  of  spectral  regions  Lj^4  -  Ip  2 
(at  identical  scale)  of  the  indicated  coapounds  and  Ob  were  coapared. 

The  tlaee  of  exposure  were  ao  eelected  (for  Cb...l4  h,  for  ObC 
and  CbN.  ..1(5  h,  and  for  Cb32*.*l?  h)  that  LA.  lines  were  received 
of  identical  inteneity. 

The  eharc  changes  in  the  form  and  Inteneity  of  band  L  pg  are 
clearly  aeon.  In  case  of  pure  Cb,lt  hae  a  normal  font  of  scectral 
line  with  an  asymmetry  index  of  a  a  1.4.  Xn  cast  of  CbC  and  ObV.it 
hae  the  ahape  of  a  wide  two-humped  line.  In  oaee  of  Cbl^lt  le  mark¬ 
edly  asymmetrical, with  a  very  gentle  drop  at  the  short-wave  aide. 

For  the  exact  study  of  the  character  of  changes  which  occur, 
red  to  the  Lj^g  band,  the  microphotograms  of  pur#  Cb  and  of  ths  com¬ 
pounds  wars  combined. 

Sines  ths  relative  intensities  of  spectral  lines  changed .the 
question  arose  about  the  selection  of  a  line (“reference  line")  which 
should  be  combined  with  euperlmpcsl tion  of  the  alcrophotograme. 

It  seemed  for  us  that  in  the  given  case  ths  most  appropriate 
Is  to  oonduct  the  comparison  by  line  LA 4. 


L 
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1.  At  the  transition  from  Cb  to  Its  compounds,  ohanges  occur  In 
the  Joint  band  NIV,Hy,0j  of  Ob.  On  thle  account,  the  relative  intensi¬ 
ty  Is  changed  for  the  lines  which  represent  transitions  concurrent 
with  transitions  j.Cj,  Therefore,  the  Lines  L,^  ?,L 

Lfig  and  others  cannot  be  used  as  reference  lines, 

3.  Prow  the  non-concurrent  transitions  Lj  — ^Mix,ni  and 
L“)Wj  xxj  the  Lf)4  line  itself  represents  a  transition  between  the 
deepest  levels, owing  to  which  It  should  be  the  least  adversely  Influ¬ 
enced  by  the  changes  in  the  outer  shell. 

Therefore,  we  combined  the  spectra  of  Cb  and  ltt  compounds  on 
line  lp4 


pig.4 

On  fig. 4, the  combined  region  of  the  spectra  of  Cb.  -  CbH  le 

/See  Note/ 

presented  In  the  region  of  the  lines  1^  -  ^2  dottsd  line  In¬ 

dicate*  the  contour  of  the  non-col ncldent  region*  of  the  mtcropboto- 
greph*  of  pure  Cb;  the  striping  shows  ths  portion  of  the  band  whloh 
"slipped"  away  from  Cb). 

?t  The  combination  of  alcrophotograaa  at  a  given 
L  region  of  the  spectra  waa  oarrlsd  out  by  way  of  selection  of  theex- 


r potur*  tin* , and  not  by  way  of  r*-caleulation  for  equal  intensity^  “> 
At  It  can  bt  teen ,  in  cat#  of  Cb  and  Obi,  lint*  Ljb^  coineid# 
•leaf  their  tnilrt  contour,  but  lint  it*  fom.and  slight¬ 

ly  difftrt  in  record  to  intentity  (  about  7  ptrctnt.) 

5h*  chance*  which  occur  to  band  hart  different -character. 
hawft  Ljl  ^  of  Ob  in  GbV  completely  enter*  into  the  lower  part  of  the 
contour  of  band  L^a  of  pure  Ob.  The  chance  of  band  Ip a  bat  the  taa* 
atpoat  at  given  aleo  on  Tlg.4,  but  without  the  atriped  region, while  it 
disappear*  at  the  nitride  formation. 

fhls  permit*  to  explain  the  prooeteee^ which  occur  at  the  for¬ 
mation  of  CbV,by  the  departure  of  a  part  of  the  electron*  which  are 
In  Kjy,Vv,Oj  etatei  of  the  Cb  atone. 

Analogous  combination*  were  also  made  for  the  microphotogram* 
of  Cb  -  CbC  and  Ob  .  CbBj.  The  contained  region*  of  the**  band*  are 
eh own  on  fig. 5( the  dotted  line  refer*  to  pur*  Cb;  the  etrlping  is 
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fig, 5  (On  diagram,  Bueeian  word;  Band;  Vb  :  Cb) 
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’for  the  ba  n<3  part*  "eJLlpoed*  away  from  columblum).A«  it  it  seen. in  all1 
examined  compound a, the  Lp>  2  band*  an tar  into  tha  lovar  part  of  tha  con¬ 
tour  tf  tha  ealaelon  band  of  pura  Ob. 

la  thla  manner,  in  boridaa  and  carbidaa  and  nitridee,  tha  ohange 
of  tha  L  hae  tha  character  of  diaappaaranca  of  a  part  of  tha 

aalaalon  band.  It  la  interesting  to  remark  that  In  tha  different  com¬ 
pound  •  different  reclone  of  the  band  vanish.  Thus, In  caaa  of  CbB2, 
preferably  the  thort-wave  part  vanlehee.  In  earblda  and  nitride, prefer¬ 
ably  the  central  part  dlaanneare. 

Since  tha  aalaalon  band  eeena  to  be  oomplex, expressing  tha 
atataa  NJV and  Oj,  auch  changes  can  attest  that, in  tha  different 
compounds,  alactrona  of  different  atataa  taka  part  in  different  ways 
in  bonding. 

In  Table  l,the  nucbere  are  glean  which  characterise  tha  chan¬ 
ges  of  band  Pur*  Cb  and  lte  compounds. 

TdBLX  1. 


Tadkana  1 


1 

Bentecrao 

r* 

l—r 

NbN .... 

0,715 

0,286 

NbC.  .  .  . 

0,729 

0,271 

NbB,  .  ,  , 

0,695 

0.316 

(Column  haadai  1. .. Substance;  2(Pote)s  x  la  equal  to  the 
ratio  of  tha  area  of  compound  and  of  columblum) 

u  J 
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Analogous  oh angee  oer.ur  alto  in  band  L^.  In  fig. 6, we  present 
the  eombined  band  of  the  compound*  and  pure  Cb  (at  in  cate  of 

band  L  I'  3  , the  combination  alto  was  made  at  identical  intensity  of 
line  L»4). 


tlOJOCQ  If* 

no  toco  L,t 

73714  73444  7347.4 

— 

24i8J  l*«IJ  2*57.7 

2*8X8  **8lJ  2*00,3 

2*i\j7*ev  7447.7 

me 

WIN 

*41, 

fig. 6  (Rueeiar  word  on  diagrams Band ; 

Kb  x  Cb) 

It.  can  be  oeen  that  the  change  in  band  i  i«  similar  to  the 
ohangee  in  band  L^g,  i.e.,  there  eeeme  to  be  a  departure  of  ite  va~ 
rloue  -Darts. 

In  Table  2,ve  gire  the  number*  which  characterise  the  change 
in  band  1  for  pure  Cb  and  ite  compound*. 

and  L^-  ^ 

i*  also  presented  o*1  fiff.®. 

Th*  data  of  Table  1  and  2  ae  well  as  fi Q. 6  thow  that  in  con- 
crete  eubetance  the  change*  In  band*  Lj^g  and  ar*  not  entirely 
t,  similar.  J 


The  coraparieon  of  the  slipping  part  of  bands 


lP* 
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TABLE  2. 


1  BrnecTio 

r* 

1-r 

NbN  .... 

0,703 

0,297 

NbC.  .  .  . 

0,780 

0,271 

NbBf  •  .  • 

0.740 

0,200 

2  •  f  pMHO  OTHOUKNMIO  OWUMUeA 

L7(  cocANNeiraii  h  motes. 

(Column  headings:  1. . . substance;  2,..r  is  equal  to  the  ratio 
of  the  area  of  L  ^  of  the  compound  end  of  Cb).  . .  . 

This  difference  eeeae  to  result  aprarently  eo  that  Lpa  le 
caused  by  transition  Into  the  statpe  8  lySidg^g.end  dg^g,  but  for 
L  only  by  transition  into  S^3  and  da^2  . 

It  should  be  assumed  that  the  different  form  of  bande  L  pg 
and  L^i  ,in  the  different  compounds  of  Cb,  le  due  to  the  fact  that 
the  specific  weight  of  states  and  d  6/g  In  the  common  band  are 
different. 

The  specific  weight  of  states  dg/J}  and  d5/g  in  the  oomaon 
band  can  be  Halted  by  the  assumption  that  the  part  of  transitions 
to  state  8l^g  in  emission  bands  L|Vg  and  le  snail  in  comparle- 
on  with  dj^2  and  dByg(in  the  heavier  atoms  the  intensities  of  lines 
L^7  and  L|*9  form  not  more  than  2  percent,  of  the  Intensities  of  . 
lines  L|bg  and  L^). 

In  the  supposition  that  the  Intensities  of  lines  Lj\g  and 
t-L^  and  Ljfpx  satisfy  the  formula : 
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145  , 


where  Hgyg  It  the  number  of  dsy2  etfttee;  H;^2...the  number  of  the  d3^2 
•  tmte*,  from  the  experimental  data  for  the  ratio  cf  intensities  of 
the  LjJj  and  bands, the  ratio  of  3an  determined. 

Belov  are  given  the  data  calculated  according  to  the  given 
formula  of  the  Hh/gJ *3y3  ratio,  and  with  our  experimental  valuee 
Subetance  Kb»Cb  CbK  QbC  CbBo 

K6/2lirZ/2  a.' 08  a.  10  ?.  08  1.90 


(  ^NoteJT t  Tor  the  filled  levele,  ^6j2ils'<i/z  z  the 

quoted  correlation  ratio  ie  transformed  into  the  Burger  A  Dorgel 
rule  .) 


Ooncluelor.e 

1.  The  L-eeriee  of  Cb  vat  investigated  in  compounds  CbH.CbC, 
and  CbB<s. 

2.  It  vas  found  that  while  the  intensity  and  the  shape  of 

lines  1^3  and  eo  on, changes  a  little,  the  in. 

tensity  and  the  shape  of  bands  Lp2  *nd  I»^x  '“dsrgo  a  sharp  change. 

3.  Bands  ip2  and  L |*\  of  Cb  in  the  oompounde  are  only  parts 
of  the  correapondlng  bands  of  pure  Cb, 

4.  The  conducted  measurements  mre  not  accurate  enough  for 
reliable  quantitative  conclusions;  however,  undoubtedly  in  case  of 

uCb,the  departure  of  the  d- states  in  compound  CbBg  ie  larger  than 

in  CbN  and  CbC, 
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fractions  and  answr* 


gi  What  conclusion*  do  you  Mk*  a*  to  th*  hood  types  la  ear  - 
hid**, nitride*  and  World**} 

Ta.l.Osnkln*  Za  order  to  aak*  any  conclusion*,  both  ooapounds 
(oouponsnts)  of  th*  systsa  aust  b*  thoroughly  investigated,  In  our 
oa**,w*  examined  only  th*  Ob  la  th*  ooapounds.  Ch*  **ooad  component 
and  all  It*  prop*rtl*«  aust  b*  also  sxaained.  Any  kind  of  ooaelutlon 
can  b*  aad*  only  then, 

£.  t  How  do  you  *xplaln  th*  splitting  of  th*  L  |bg  band  of  Ob 
nltrld*  and  carbide}  Why  do**  this  band  dlff*r  fro®  th*  band  in  di- 
borld**f 

Ta.X.Qsnkim  On*  cannot  say  that  the  L^g  band  split, bs- 

oauselln*  L|S2  do**  not  *«*a  to  b*  a  strictly  dispersed  11ns, guard¬ 
ing  th*  state  of  th*  Internal  filled  level*.  It  •*•■*  to  be  a  ooaw 
plicated  conplex  of  transitions  —  at  and  0^.  therefore, w*  ean 

not  say  that  it  i«  two  separate  line*.  Splitting  can  happen  if  son* 
Information  1*  available  on  th*  oharaotsr  or  energy  of  this  or  aa  - 
other  line. 

Here, however, w«  have  a  band.  Therefore,  we  are  forced  to 
•peak  of  it,  a*  a  whole.  At  euoceeefully  selecting  the  criteria  of 
th*  combination  of  th*  lines, we  sndsavoursd  with  all  effort  to 

aak*  it  such  that  the  L{34  linee  should  colneid*.  Thsn.it  was  found 
u that  the  sdge  of  band  Lfog  eoinoiles  with  th*  recession  of  pur*  Ob 


r Una.  Therefore, we  say  that  as  a  wKols  ths  energy  of  thie  band  gener-  “i 
ally  did  not  change.  It  seems  to  ua  that  we  should  not  say  that  the 
energies  of  the  lines  are  different (  as  allegedly  the  splitting  of  the 
lines  seeas  to  be).  And  if  the  energy  reasoned  one  and  the  same,  then 
the  probability  of  a  transition  is  here  also  constant.  Only  the  number 
of  transitions  in  the  given  state  has  changed.  It  is  interesting  that 
no  kind  of  adge,l.e. ,  electron  of  an  arbitrary  energy, slips,  but  sep¬ 
arate  parts  of  the  band  are  slipping.  This  is  a  proof  that  the  whole 
L^4  band  has  sones  U4.Hg.Oj_  with  overlapping.  Ve  can  say  that  theee 
transitions  are  already  not  in  coluabiun. 

In  the  Units  of  this  band,  the  0^  transitions  are  little  ex¬ 
pressed.  Ve  are  not  abln  in  ever/  case  to  distinguish  thsm.  Therefore 
all  disoussion  about  thsir  transitions  Is  approximative;  we  cannot 
Judge  the  splitting  with  precision. 

Thsre  Is  still  this  questions—  in  oase  of  compounds,  can  the 
decrease  in  the  relative  Intensity  of  the  Lp2  band  (by  comparison 
with  purs  Ob)  bs  explained  only  by  the  decrease  in  the  number  of  the 
free  states? 

It  seeas  to  us  that  particularly  sines  the  energy  does  not 
change,  the  probability  of  transitions  doss  not  change  either.But 
the  fact  that  a  pert  of  the  line  is  eliminated,  proves  especially 
that  they  are  absent. 


Discussion  on  the  Report  of  M.  I.  Koraunakly  snd  Ya.  B.  Gankin 


r  “> 

A.Z.Msn'shlkov  (Institute  of  Metals  Fhysics,  AX  SSSB)t 

from  our  point  of  view,  the  following  interesting  results  ware 
reaohe-i  by  the  discussed  work: 

1.  for  all  investigated  compound!  and  pura  Ob, in  tha  aoala  of 
energise  tha  poaition  of  tha  L^a  band  remains  unchanged, 

2.  In  diborida,oarbida  and  nitrida  of  Ob, tha  relative  inten- 
alty  of  tha  L^>g  band  la  laaa  than  in  pura  Ob. 

The  flrat  experimental  result  permit tad  tha  authors  to  announoa 
for  ali  compounds  tha  hypothaala  on  tha  constancy  of  probability  of 
tranuition  froa  tha  d  and  a  aymaatry  levels  to  tha  p  symmetry  level. 
Than „a« cording  to  the  formula  I(E)»OP().a(I),the  reduction  of  the 
intensity  of  tha  Lfbg  band  can  ba  explained  only  by  tha  decrease  in 
tha  density  of  tha  occupied  states,  i.a. ,  by  lass  number  of  trans¬ 
itions  ,whlch  gave  tha  right  to  tha  authors  to  ealoulate  tha  number  of 
electrons  at  tha  levels  according  to  tha  relative  intensity  of  tha 


1(3  2  band. 


However,  in  our  opinion, this  kind  of  calculation  does  not 
determine  tha  veritable  poaition  of  things.  Tha  point  of  aattar  la 
that  CbC  and  CM  have  a  crystal  structure  of  tha  NaCl  type,  and  we 
should  have  hers  d2sp3-hybrldliation  of  tha  wave  functions.  But  tha 
possibility  of  hybridised  spd- states  oan  lead  to  a  change  in  tha 
probability  of  transition  from  the  states  which  condition  tha  exist¬ 
ence  of  the  L^-band. 


J 


k2 


Therefore,  hero  the  calculation*  of  the  electron  number  at  the 
•tate*  according  to  the  methodology  elaborated  by  the  author*,  1*  open 
to  doubt.  Of  oouree,  the  significance  of  the  factor  of  diminution  of 
the  electron  nuaber  at  th*  d  and  symmetry  level*  1*  by  no  mean*  be¬ 
littled, the  lee*  *o  became  the  existence  of  an  ionic  covalent  type 
of  bonding  can  be  here  eurnleed. 


L 
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1UABS0HPTI0N  3PSCTRA  Of  OHSOMIUM  IN  B0RID1S,CAHBIDN3,NITHIDBS  AND 


SOtCS  OTHSS  COMPOUNT) S 

S.A.feemonor  and  A.  Z. Men'¬ 
shikov; 

Institute  of  Metals  Phytic*. 

AN  SSSR 

The  solid  compound*  of  refractory  metal*  generally,  and  the 
intruaion  phaaee  In  particularly  find  a  wide  practical  application 
in  engineering  since  they  are  characterized  by  an  interesting  collec¬ 
tion  of  phyeical  and  chemical  properties;  —  high  temperature  of 
melting, great  hardne** .brittleness  and  good  alectrlc  conductivity. 

The  originality  of  the  crystal  structures,  tl.o  complexity  of  the  el¬ 
ectronic  structure, and  the  character  of  the  lnteratoaic  bonding  for¬ 
ce*  aake  these  compound*  on*  of  the  interesting  object*  of  research. 

Inspite  of  a  large  number  of  publications, whose  review  is  wsll 
presented  in  the  aonograohs  ^L,2^, the  problem  about  the  character  of 
interatomic  interaction  in  the  intrusion  phases  continues  to  rsaaln 
obscure. Later,  attempts  have  been  made  at  solving  this  problem  by 
th*  method  of  rosntgen  spectroscopy  fz  -  6^, one  of  the  most  dlrsot 
methods  of  studying  the  electron  etrueture  of  eolid  bodies. 


u" 

r  -  -i 

In  th«  present  work, we  give  the  result*  of  study  of  the  nature 

of  Interaction  between  the  atoms  of  a  aetal  of  the  transition  (roup 
and  the  metalloids  of  the  first  series  of  Mendeleyev's  Table (B,C,N,0). 

The  continuous  change  of  bond  type  from  the  me tall! o( in  beryl- 
lldes)  through  the  coval*nt(in  carbide)  to  the  ionie(ln  oxides)  was 
presented  in  the  publications  ji, 7J, and  further  developed  in  detail 
by  O.V.  Samsonov 

As  object  of  research, from  among  the  metals  of  ths  transition 
group,  chromium  was  taken  in  its  borides, carbides, nitride a  and  oxides 
(C;-jB1CrB2,Cr3C2.Cr7C3,i3r2F,3rlJ,Cr203)  and  the  chemically  pur#  substan¬ 
ce*  of  CrCl^.and  0^(804)3. 

The  borides  and  carbides  vers  obtained  in  the  Institute  of 
Metal  Ceramics  and  Special  Alloye  of  the  A#  USSR.  The  nitrides  were 
obtained  by  diffusion  saturation  of  Cr  in  aumonla  Jet  by  the  method¬ 
ology  of  [9J.  Cr203  was  obtained  by  oxidation  of  electrolytic  Cr  at 
1000°C  in  free  air. 

The  roentgen  E-edge  of  Or  absorption  was  investigated  on  a 
spectrograph  with  focussing  acoordlng  to  Johann  in  the  first  order 
of  reflection  from  plans(1340)  of  a  quarts  crystal.  As  lins  of  com. 
par  Ison,  the  ^  line  of  To  and  the  K^2  line  of  Hn  vers  used.  The 
linear'  dispersion  was  2,5  XS/ma.  The  tube  worked  at  12-13  kV ,45-60 
mA.  The  survey's  length  vaa  35-40  hours. 

The  Cr  absorption  spectra  seemed  to  be  of  the  greatest  com. 
u  trait  at  5-5  mg/om  absorber  density.  Fot  less  than  three  spectra  -1 
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rwer*  nsd*  for  each  substance. 

Tor  all  phases  investigated  by  us,  we  measured  the  magnetic  sus¬ 
ceptibility.  The  measurement  was  carried  out  [by  P.G.Rudoircnev)  on 
magnetic  balances  with  a  field  of  8600  oeretsds  and  at  17°3,  Ssasalt 
was  used  an  standard. 

The  f igure (unnumbered)  represents  the  basic  K-edgs  of  Cr  absorp¬ 
tion  In  the  examined  oompnunds  and  me tall! o  Cr.  Along  the  abscissa. the 


Pig. (No  legend;  on  absolssa:  electron  volts) 
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Energy  (power)  It  laid  oat  in  eV-s,  by  counting  froa  *  chosen  «ero,*nd  1 
*lon<  the  ordinate  the  aagnitu&es  are  proportional  to  the  abeorptlon 
coefficient. 

according  to  Beeaan  and  Priedaan  ^loj.the  firr  region  of  the 
^-absorption  epeotrua  of  tranaltloa  aetale  with  open  3d-eheile(ln  par. 
ticular,  for  Or  3d5  do1)  ie  conditioned  by  transition*  of  l-s-elao. 
trons(one-s)  into  the  onoooupled  part  of  the  generalised  3d-.de  band 
with  admixture  of  the  dp. state. 

The  top  eorre  on  the  figure  illustrates  the  change  of  absorp¬ 
tion  oo efficient  in  the  region  of  the  aain  K-edga  of  the  electrolytic 
Or,  It  can  be  seen  that  the  first  region  of  absorption  does  not  hare 
an  arc- tangent- shaped  fora, but  it  possesses  a  certain  kink  at  Point 
C.  By  analogy  with  the  curves  of  &.exeltation,  obtained  by  the  iso. 
ohroaatic  aethod  of  the  characteristic  spectrum  ^li^.thie  kink  oan 
be  also  explained  by  transitions  of  Or  lrto  the  3d»state. 

had  now,  the  first  initial  region  of  abeorptlon  in  pure  Or  is 
conditioned  by  transitions  of  ^-electrons  into  the  3d  and  4s  bands, 
and  it  sxactly  reflects  tbs  transitions  into  thoss  states  whleh  un¬ 
dergo  changes  in  relation  to  the  type  of  the  eheaieal  bond.  But 
elnoe  the  abeorptlon  ooeffiolent  itself  depends  upon  the  density  of 
unoccupied  states  and  on  the  probability  of  transition  at  these 
states, l.e.,  1(1)^  F(S)n(l),  these  two  factors  will  influence  the 
intensity  of  the  initial  absorption, 

L  The  experimental  curves  presented  on  the  figures  ere  arranged  J 


rin  such  an  order  that  along  the  edge*  the  curvet  art  arranged  for  tub.1 
ttanoet  of  different  bond  typet,  l.e..  Or  with  aetal  bond,  OrgtSO^)^ 
with  Ionic  bond.  Tron  the  examination  of  thete  curve*  it  followt  that 
In  pure  Or  the  Initial  absorption  by  lntentity  It  roughly  one  half  of 
the  whole  abtorption  die continuity,  while  in  Cr2(90^)3  it  it  entirely 
not;  moreover,  the  energy  potitlon  of  the  A  maxim*  remain*  unchanged. 

Consequently,  in  the  given  oompound  of  trl valent  Or, the  quael. 
atomic  3d-4s  level*  are  considerably  free.  However, due  to  the  weak 
interaction  between  the  neighboring  Or  loot  in  Cr2(S04)3  crystal, 
the  overlaps  of  3d  and  4t  bands  with  the  4p  band  are  either  entirely 
absent, or  very  small.  Hence, the  probability  of  transition  of  a  E> 
•electron  into  the  3d.4e-state  is  markedly  reduced, whloh  le  manifest, 
ed  In  the  disappearance  of  the  initial  region  of  absorption  in  the 
pertinent  soeotrua.  The  given  example  shows  how  large  the  effect  of 
transition  probability  is  upon  the  intensity  of  the  initial  absorp. 

tion,  * 

On  the  transitions  in  the  following  three  compound* (CrCl-j, 

CrgOjj.CrN)  I  remark  that  in  thee*  compound •  the  fine  structure  of 
the  basic  K-edge  of  Cr  absorption  gets  rlchsr.  The  initial  absorp. 
tion, appearing  in  CrCl^.gets  larger  in  intensity  Jn  oxide, and  still 
larger  in  nitride.  The  cryet.al  structure  of  the  given  compounds  of 
th*  group  hat  an  octahedral  atomic  coordination.  According  to  Kim. 
ball  ^12/, a  d2sp*  hybridisation  of  wave  functions  should  hsrs  ap¬ 
pear,  It  is  thought  that  due  to  such  a  hybridisation  of  ds-functicns 


ri#ith  p-fu.octicns,the  probability  of  K-ele«tr®n  transition  into  the  *i 
3d-4s-stats  it  larger. 

An  interesting  peculiarity  of  the  K-abeerptiod  apectra  of  Cr 
:ln  the  given  ooapounda  of  the  group  —  shown  the  firat  time  In  thla 
work, as  we  think  —  la  the  presence  of  fine  structure  In  the  initial 
region  of  absorptlon(ln  the  figure, the  kinks  in  the  initial  region 
of  absorption  are  suitably  designated  by  Points  c  and  m). 

As  to  the  character  of  absorption  spectrum,  the  diborlde(CrB2) 
le  close  to  these  compounds.  It  has  a  somewhat  different  atomic  coor- 
dinntion(the  Cr  atom  ie  within  a  hexagonal  prism  on  whose  apex  the  E 
atoms  are  sr*anred). 

Results  of  tV  magnetic  susceptibility  irusuremert, given  in 
the  following  Table, indicate  that  in  the  order  of  the  compounds 
Cr^SO^), .CrCljj.Cr^O^.Crtf jCrBg.ite  value  din.iniohee  iron:  P-fi.CxlC*0 

a 

to  9.0  x  10"  cgem, which  proves  the  diminution  in  the  number  of  un- 
conper.Bated  electron  spins  in  the  3d-ehell  of  the  Cr  atoms. 

e 

The  presence  of  a  regular  change  in  Intensity  of  the  initial 
absorption  as  well  as  ths  data  on  the  magnetic  susceptibility  measu¬ 
rement  make  ue  believe  that  in  this  series  of  compounds, together 
with  the  ionic  type  of  bonding, there  is  a  rising  covalent  compo¬ 
nent  of  interatomic  interaction. 

In  comparison  with  the  first,  ths  second  ^roup  of  compounds 
iCr3C3,CrJ),Cr7Cj,,Crgf!)  has  a  larger  initial  region  of  ths  JC-nbsom- 
kion  spsotrum,  equal  roughly  to  2ft-30  psroent.  of  the  whole  absorp- 
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rtlon  discontinuity, end  a  magnetic  eueceptibility(See  Table)  la  the 
order  of  (8  to  6)  a  1C“®  agsm, which  lo  »ub  *  tan  ti  ally  leee  than  the  mag> 
notlc  auacoptibllity  of  the  preceding  eerlee  of  compounds.  The  exam- 
inatloa  of  the  crystal  etruoture  lb  the  given  compounds  flnde  the  pros* 
once  of  aore  or  leee  dletorted  prismatic  atonic  coordination  for 
which  according  to  publloatlon  /tsj  there  abould  be  a  d*sp  or  d®p 
hybrid 1 eat ion  of  wave  funotioaa  preeent. 

CtSZJ. 


(Column  headings:  1. ..substance;  2. ..unit  in  the  oge  eye- 
tea;  3... electron  configuration}  4.., "or").  _____ 

Zf  only  the  presence  of  a  covalent  type  of  bonding  is  aaaumed, 
then  the  given  ooapounds  should  be  diamagnetic  or  slightly  magnetlo, 
and  the  initial  region  of  the  K-absorption  suectra  of  Or  in  these 
oc ^pounds  should  oither  entirely  rani eh, or  it  ehould  be  email  la 
magnitude.  Zn  our  caee, neither  one  nor  the  other  happens. Henoe, the 
nature  of  the  bonding  foroeo  aeeae  to  be  complex  in  theee  ooopounde, 
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r«nd  .from  oar  point  of  view.it  rather  agree*  with  the  idea  of  the  1 
resonant  covalent  bond  developed  by  Pauling  ^1?}. 

With  a  general  examination  of  the  E-absorption  spectra  of  Cr 
in  pure  Cr  and  its  compounds  of  boride, carbide, nitride, oxide, chloride, 
the  invariability  of  the  position  of  Point  b  in  the  energy  seal* 
should  be  noted, independently  from  the  type  of  compound.  The  kinks 
of  the  absorption  coefficient  curve, corresponding  to  Points  d  and  ex 
whose  nature  we  do  not  study, as  well  as  the  A  maximum  are  subject 
to  ohangee  ooth  in  the  energy  ;cale  and  in  tks  intensity  scale. 

—  the  middle  of  the  abeorp  - 
tion  discontinuity  —  is  regularly  shifted  to  the  short-wave  side 
by  the  extent  of  increase  of  the  ionic  component  of  bonding  force  in 
the  compound e, 

Ooncluslon 

1.  The  nature  of  the  interaction  of  Cr  atone  with  the  metal¬ 
loid  atone  of  the  first  line  of  Mendeleev's  Tabl*(Cl ,0,N,0,and  B) 
continuously  changes  from  ionic  covalent  to  covalent  metallic. 

2.  The  obtained  sxoeriaental  results  Indicate  that  the  dif¬ 
ferent  compounds  inside  one  diagram  of  state  cannot  pertain  to 
single  type  of  bonding  forces, because  in  this  case  the  concentra¬ 
tion  of  metalloid  can  play  an  ensentlal  role.  This  ie  particularly 
characteristic  for  the  oompounds  Cr*T  and  Cr^K,  CrBg  and  CrB. 

3.  A  hypothesis  on  the  metallic  state  of  ths  metalloid  atom 

u (a*  this  Is  oorrect  in  case  of  the  Pd-R  system)  oannot  be  extended  j 


Point  ^(xeta) 


/<*  9 


51 


/ 


pio  all  classes  of  the  Haggian  phase  of  Intrusion.  The  typical  intrusion^ 
phase  of  CrN  Is  close  to  CrjCLj  by  nature  of  the  interatomic  interaction, 
and  in  this  oxide  the  bonding  forces  have  ionic  oovalent  character. 

U,  In  the  metalloid  compounds,  the  eharacter  of  bonding  forces  is 
complex.  Of  course,  the  ordinary  classification  Into  ionic,  covalent  aid 
metallic  type  of  bonding  is  not  in  agreement  with  reaLity. 

The  authors  express  their  deep  gratitude  to  0.  V,  Samsonov  for  the 
permitted  samples  and  his  $reat  interest  in  the  work. 
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Discussion  on  tho  report  of  S.A.Hemnonov  and  A. Z. Hen* shikov 
S.  A, Zhurakov ski 1 (Odessa  Pedagogical  Institute  ); 

The  question  about  the  nature  of  feme  ox*  chest  cal  interac¬ 
tion  between  atone  of  a  netal  and  netalloide  in  the  carbides,  ni¬ 
tride*  and  other  intrueion  phases  of  transition  element*  present* 
great  practical  interest, and  for  many  years  it  ha*  attracted  the 
attention  of  investigators.  Nevertheless ,until  now  it  etill  has 
not  been  sufficiently  explained.  I  or  the  foundation  of  preeer.t  ae- 
suaiptlona, magnetic, electric, and  crystallo-chemical  data  are  ueed. 
However, until  recent  tir.es, Information  or.  the  roentgen  spectra  of 
the  atone  in  these  compounds  was  not  available  which, in  differ¬ 
ence  froa  the  data  of  all  other  aethode,  could  give  the  noet  direct 
lnforaation  about  the  energy  state  of  atoas  in  these  compounds. The 
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rfir«t  investigations  by  saitsien  spectra  la  thia  araa  wars  mad*  re  - 
eently  by  I.S.Weinstein  and  ooworkere. 

The  solution  of  this  problem  Is  alto  the  purpose  of  tha  pree- 
snt  work  In  which  tha  fins  struoturs  of  tha  roentgen  K-abaorptlon 
eoectra  of  T1  is  investigated  in  the  alloys  of  tha  Tl-C  system  where 
the  metalloid  content  changes  froa  24  to  9  percent,  by  weight. 

All  investigated  alloys  were  prepared  by  the  methodology  des¬ 
cribed  in  tha  literature,  and  (except  the  9-percent. alloys)  they  per¬ 
tain  to  the  same  field  to  which  the  carbide  of  faee-eentered  cubic 
lattice  belongs. 

The  research  was  conducted  on  a  spectrograph  specially  cons¬ 
tructed  for  this  purpose .whose  construction  was  suggested  by  I.B. 
Stary.and  described  earlier. 

The  plane  of  a  quarts  crystal  prism  was  used  as  analyaer.  The 
method  of  recording  the  speotra  was  photographic.  Ths  optima  den- 
aity  of  the  abeorber  was  experimentally  selected.  It  was  equal  to 
6  ag/cn3.  At  higher  densities  of  ths  absorbsr,  ths  fine  structure 
of  the  X-edge  of  absorption  was  less  clsarly  obeerved  at  the  ex¬ 
periment. 

Tor  comparison, parallel  with  the  carbides,  the  fiuS  struc¬ 
ture  of  the  X-absorption  edge  of  fi  and  ite  dioxide (rutyl)  whs  in¬ 
vestigated.  Attention  was  oalled  to  the  fact  that  the  energy .cor¬ 
responding  to  the  maxima  of  ths  long-wavs  absorption  band  of  Ti, 

^  remain ik!  unchanged  in  both  compounds  of  this  raetal.  This  is  in  good  J 


ragf— nt  with  the  phenomenon  found"  la  the  preceding  research#*,  and 
it  doee  not  agree  with  the  hypothesis  that  at  the  foraation  of  the  car*, 
hide*  of  traneition  elements  a  "metallisation"  of  the  bond  occurs, 
which  would  he  manifested  by  a  parttal  filling  of  the  36-ennrgy  lev. 
eia  of  the  transition  metal  atone.  More  detailed  experimental  inves¬ 
tigation#  will  he  continued  in  the  very  near  future. 

V.S.Eeshpor  (Institute  of  Metal  Ceraalce  and  Special  Alloys, AX  ns8R)i 

Something  should  he  said  in  connection  with  the  eomrur.i cation 
on  roentgen  spectral  research  of  the  metalloid  phases.  As  a  direct 
method  of  studying  the  character  and  strength  of  bonds  in  metals  and 
in  compounds .thase  researches  are  of  great  interest. Yet, their  de  - 
tailed  examination  remains  still  a  failure  until  now.  The  data  of 
individual  researches  occasionally  disagree  with  each  other,  and  they 
are  being  arbitrarily  treated  by  one  sohool  or  the  other. 

Therefore,  it  teems  to  me  that  according  to  the  results  of 
researches  of  a  number  of  physical  characteristics  of  these  substan¬ 
ces,  suoh  a  structural  model  could  be  new  roughly  presented  for  these 
compounds  on  whose  basis  the  separate  spectral  data  could  be  dealt 
with. 

While  talking  of  electron  transitions  to  this  or  to  that  side, 
they  cannot  be  exaained  only  from  the  point  of  view  of  the  tonal 
theory,  but  the  individual  peculiarities  of  the  structure  of  atom 
components  of  the  compounds  must  be  studied.  Undoubtedly,  the  great¬ 
est  effect  uoon  the  physical  properties  of  metalloid  compounds  is 


exercised  by  the  degree  of  filling  of  the  3d-shell  of  the  transition 
Betel  atoms  and  th®  ionisation  potential(or  elsotro-negativity)  of  th® 
metalloid  atom®.  Th®e®  factor®  determine  the  density  of  th®  occupied 
states  both  la  the  raler.cy  tone  and  in  the  conductivity  son®,  and 
hence  they  show  a  substantial  effect  upon  th®  position  and  intensity 
of  the  spectral  lines  of  metals  in  compounds, particularly  in  case  of 
the  t-seriee. 

fas  type  of  crystal  structure  and  the  number  of  bonde  should 
be  alec  studied, 

from  the  results  of  the  work  reported  by  M. I .Xoreunskll  and 
1«Z. Oenkin.it  can  be  seen,  that  the  greatest  number  of  electrona  leav¬ 
ing  the  metal  are  in  boride ( 2bB>,} ,  and  a  less  number  in  nitride  and 
carbide, which  corresponds  to  a  larger  number  of  B  bonds  in  the  bor¬ 
ide  lattice(6Me  -B  and  3B  -b)  than  the  number  of  C  and  H  is  in  the 
carbide  and  nltride(CMs  -  X).  In  nitrides, the  metal  loses  more  elec¬ 
trons, in  correspondence  with  the  greater  electro-negativity  of  K, 
than  in  case  of  carbide  which  has  a  smaller  electronegativity  of  C. 

The  researches  of  ths  initial  absorption  rsgion  in  ionic  and 
astalloid  compounds  art  of  considerable  interest.  But, at  the  end, 
one  cannot  agree  with  the  conclusions  drawn  in  this  work  as  to  ths 
transition  from  the  purely  ionic  Me  -  X  bond  in  chloride  and  sul¬ 
phate  to  the  oovalent  bond  in  borides .carbides  and  nitrides. 

Researches  of  the  temperature  relation  of  electric  conducti. 
l/l  ty  of  the  latter  phase  .presen  ted  in  our  report,  indicate  the  ratal-  "* 


r  ~  -i 

lie  nature  of  conductivity  of  the  transition  metal  carbides  and  borides 

i.s. ,the  presence  of  free  carriers  of  electric  current  In  thsa.subordi- 

nated  to  the  Feral-Pirac  statistics. 

Thus, it  is  apparently  correct  to  consider  the  changes  in  t)ie  re¬ 
gion  of  initial  absorption  in  the  compounds  investigated  by  S.A.Nemno- 
nov  and  A. 2. Mar.' ahlkov  as  result  of  subsequent  gmdual  trsnsfersr.ee  of 
the  density  maximum  of  the  electron  shell  in  the  Me  -  X  bond  trer.  metal¬ 
loid  to  aetal  in  the  sequence  of  sulphate( chloride)  -  oxide  -  nitride  - 
carbide  -  boride, which  is  also  pointed  out  lr.  report. 

In  our  opinion. euch  a  a^del  alto  fits  the  results  of  the  work 
of  Vaynshteyn  and  Vasil 'yev  according  to  the  examination  of  the  K-eais- 
eion  spectra  of  Ti  compourde,  The  growth  of  the  metallic! ty  of  com  - 
pounds  also  happens  to  be  in  this  direction, 

M.O.Gllnchuk  (Institute  of  Metal  Ceramics  and  Special  Alloyt.AN  USSR): 

Investigation  of  the  behavior  of  admixture  In  solid  solutions 
is  of  considerable  interest.  I  wish  to  touch  on  the  prcblesi  of  the  ef¬ 
fect  of  the  admixture's  concsntratlon  upon  the  energy  spectra  of  the 
base  aetal. 

In  works  of  foreign  author*  and  in  recent  works  of  the  Soviet 
scientists  Qurov  and  Borovsfci.lt  was  shown  that  change  in  ths  admix¬ 
ture's  concentration  effect#  the  shift  of  the  Ferai  state  of  the  base 
metal.  For  each  base  metal, a  certain  definite  concentration  exists 
bel-'w  which  ths  dislocation  of  the  Fermi  level  can  be  disregarded. 
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At  concentration*  above  thi*  definite  on*,  duo  to  interaction 
of  the  admixture* ,th*  shift  of  the  Fermi  lavol  considerably  increase*. 
Thu*, if  the  basis  solution  i*  oopoer.then  with  the  admixture1#  con¬ 
centration  of  an  excessive  tingle  charge  of  about  60  a t. per cent, ,th* 
S'erm.l  level  «hift  it  roughly  about  0.5  e? (according  to  the  data  of 
T r i # Ae 1 .Advanoesgnt*  of  Phyel ee , 19 54 ) 

Ve  were  Interacted  in  the  solid  solutions  on  iron  base.  In 
transition  metals(l.e. .with  larger  sffsctlve  cashes)  the  excess 
charge  of  admixture  is  quickly  shielded. 

Therefore, the  solved  element*  Mutually  interr.ot  only  when  the 
concentration  of  admixture  is  sufficiently  large.  For  Iron, the  con¬ 
centrations  aust  be  nuro  than  60  at.oeroent,  With  eaalier  concentra¬ 
tion  a, the  Feral  level  can  be  ccneMernd  j»*actt sally  unchanged. 

Brdietrlbutton  of  the  excoee  electrons  among  the  open  3d  and 
4*  shells  of  iron  occur*  on  account  of  electron  scattering  at  ther. 
oaL  vibration*  of  the  cry*tal  lattice  of  the  base  metal,  a*  the  re- 
searches  of  a  number  of  authors  show,  the  electron  fraction  of 
those  which  slip  out  into  the  d-  and  g-bands, should  be  proportion¬ 
ate  with  their  relative  level  dsreitles  in  th*  vicinity  of  the  Fer¬ 
al  surface. 

Since  the  density  of  d-state  is  largtr  than  tht  density  of 
the  s-*tat#,the  larger  part  of  the  sxcess  electrons  oust  go  for 
the  building  of  the  d-band  of  the  base  octal. 

L 


Cor  guru*  1 1 '  Zharkov  poly technical  Institute)) 

2  would  Ilk*  to  ask*  a  fey  comment*. 

In  their  report, S. A. Yaanonov  and  A.Z.Men*  shikev  emphasised  the 
groat  possibilities  of  rosatgen  opootral  analysls.With  this  aothod  It 
ahould  bo  in  agreeaent  that  it  gives  good  basis  for  tha  of 

tho  olootron  behavior  in  the  various  states,  Proa  those  data  than, 
conclusion*  are  drawn  on  the  electric  conductivity  of  the  substance 
and  on  its  other  properties. 

However,  as  l.I.fraatsevlch  oorrectly  remarked, the  chenical 
oompound  auet  be  investigated  in  a  complex  aaujisr,  i.o.,th*  speotral 
method  must  be  ooebined  with  other  methods  of  research. 

Vhat  is  than  trustworthy  in  the  discussed  report  and  what 
oousee  doubt r 

The  data  entered  in  Table  are  particularly  informative.  They 
can  undergo  tome  change*  in  this  way  or  another.  These  data, at  the 
speotral  curve*  themselves  also,  wars  obtained  in  a  hurry ;  their 
methodology  of  processing  was  also  devsloped  literally  la  a  few 
day*. 


Therefor* .these  data  should  be  considered  as  approximative, 

2  wish  to  oall  attsntlon  to  those  additional  possibilities 
which  this  method  reveals.  It  sesms  to  s*  that  firstly  in  the  roent- 
gen  spectral  practice  there  is  a  possibility  to  determine  the  num¬ 
ber  of  electrons  which  ltavs  for  bonding. 

L  Particularly  interesting  are .undoubtedly, ths  results  of  study -J 
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ia e  the  effeot  of  concentration  changes  in  the  raafte  of  the  area  of 
hooo(enouane«e  of  the  metalloid  phases  of  the  type  of  nitride, oar. 
MAe. boride  and  other  eoapouads. 


OOHPARAfTO  BRXTTL3HR88  OF  HEAT-HSSI  START  00MP0UND8 


I ,H.Trant*evl ch  and  A.N.Pilyanks- 
▼l  eh 

Institute  of  Metal  Ceramic*  and 
Special  Alloy a, AN. USSR 

Art  idea  from  refractory  compounds  of  tha  type  of  carbides  , 
borldes(nltridaa  and  si l ici das, mors  and  more  widely  u*ed  in  con t ca¬ 
po  rary  engineering, should  possess  aufflclant  stability  acninst  a  ther. 
aal  chock.  The  replication  of  thla  property  in  material  which  haa 
high  strength  of  atomic  Bonding, low  capacity  of  relaxation  of  inter- 
nal  stresses, and  which  are  brittle  by  their  nature,ie  extremely  dlf- 

i 

ficult.and  la  not  always  feasible, 

Tha  attempt  at  preparing  and  investigating  tha  details  for  tha 
basle  of  tha  refractory  compounds  indioatec  that, regardless  of  their 
apparent  identical  brittleness  and  resistivity  to  the  action  of  nor¬ 
mal  tensile  forces, they  react  in  different  way  to  thermal  shook, 
which  proves  their  conslderrhle  difference  in  regard  to  brittleness 
and  relaxation  capacity. 

However, since  these  materials  possess  identical  macroscopic 
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brittlsness.as  mentioned  abovf ,  for  appropriate  selection  of  those 
•none  the  refractory  compounds  which  eould  terve  as  basis  for  tho  pre¬ 
paration  of  oupor-rofraetory  material*  roolatant  to  haat  ahooh.lt 
seems  to  bs  naoaaaary  to  raeort  to  micro soopio  raaaaroh  for  the  etudy 
of  their  comparative  propertlaa  at  email  scale. 

Therefore, we  have  undertaken  a  oo reparative  aloroeooplc  inves¬ 
tigation  of  the  neohanlea  of  destruction  and  brittleness  In  rela¬ 
tion  to  the  potential  capacity  of  resitting  the  action  of  thoraal 
shock.  In  these  researches  we  used  1)  the  method  cf  constructing  sta¬ 
tistical  curves  of  alcrcbrittleness  by  the  or acting  ability  of  tho 
impressions  oe&sed  by  the  mlcroduroj star's  lndentor  at  different 
loads,  end  2)  the  method  of  eleetron  miorofractography. 

Regardless  of  the  extraordinary  importance  of  the  estimation 
of  comparative  brittleness  of  refractory  compounds, until  now  a  suf¬ 
ficiently  clear, simple  and  reliable  method  has  not  been  available  for 
such  an  estimation. 

Various  aethods  have  been  proposed  for  the  comparison  of  tho 
brittle  properties  of  refractory  compounds i  —  by  compressibility 
of  povdtra  J\]%  by  the  number  of  hits  upon  tho  sample  which  cause 
destruction  (2j%  by  the  work  spent  on  deformation  of  notarial  at  ob¬ 
taining  an  impression  by  the  duroaeter  jfoj ,  and  others. 

Let  us  atop  e  while  for  the  detailed  description  of  the  lat¬ 
ter  method.  By  this  method,  e  relationship  is  built  between  the  nuau 
t-ber  of  impressions  which  have  oreohs  end  the  magnitude  of  the  lead  t  *J 
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and  that  load  It  determined  by  which  SC  percent. of  the  impressions 
will  craok.  At  the  determination  of  hardness  N,  the-  diamond  priam  of 
the  indentor  does  aoaa  work  apant  on  plaatio  deforaatlon  of  the  mater¬ 
ial.  Thla  work  la  computed  for  force  P^.  By  knowing  Pk,the  hardness  N, 
and  the  rnaical  angle  of  the  pyramid .the  work  8^, called  by  the  author 
JzJ  Hvi*coalty",oac  bo  calculated,  for  Bicker*'  pyramid  the  formula  la: 


from  our  noint  of  v lew, the  greatest  proaoect  haa  the  ao-called 
nlcrobrittleneaa  method  which.aa  It  la  known.oonalate  of  the  construe, 
tlon  of  curves  which  are  related  to  the  number  of  lmoreaalone  that 
craok  under  the  indentor  of  the  mlcrodurometer  froa  the  load  put  uo- 
ot.  the  lndentor.or  —  after  reaching  the  load  at  which  all  lmpree- 
alona  have  aracke,—  the  number  of  cracke  In  one  impreeslon  with  a 
certain  load  magnitude  {<,&).  Moreover .obviously  at  a  given  load, the 
no  re  brittle  materials  will  have  a  larger  number  of  impressions  with 
<uackf(  or  correapondlngly,  fewer  uncracked  impressions).  Thus, by 
tie  comparison  of  the  curve*  of  mircobrittlenese ,  we  can  also  Judge 
the  relative  brittleness  of  the  investigated  materials. 

We  constructed  such  ounces  for  a  number  of  refractory  com¬ 
pounds  and  ellicon  which  enters  into  some  fire- resistant  coeposl  - 
Mens:-  they  are  given  in  Tlg.l.  On  the  micro-sections  prepared  by 
diamond  powder .the  measurement ■  were  made  on  a  PMT-3  apparatus  for 


Tlf.l  . Ourv# •  of  alcrobrlttleneee  for  eeveral  r«f rec¬ 
tory  oonrounde  and  eillconi  l... silicon;  8  ... 
CM2;  3. .  .Til;  4.. .810;  5...3rC;  6...T10;  7... 
Crljjj  8,..Cr3C2. 

(Abaci  (mi  Proa  aura  .In  grant) 


tha  deteralnatlon  of  aic ro-hard neat.  Data  obtained  froa  50.70  km aura - 
aent a  enter  Into  on*  point  of  the  curve.  The  reproducibility  of  tha 
data, obtained  In  the  two  halvee  of  one  and  tne  ease  eample.iet  ti 
which  apparently  can  be  conaldered  aa  the  accuracy  of  the  aethod  lt- 
aelf .and  ear  characterise  the  aatlafaotory  degree  of  ita  objective, 
neaa. 

At  the  aorutlny  of  the  microbrlttleneae  ourvea.flrat  of  all 

the  fast-  It  noted  that  aeveral  ourvea  lnteraect  each  other, for  Ins. 

U  ^ 
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tancs  for  Cr30g  and  TiO,  for  ZrC  and  SIC. 

This  brine*  a  oortain  disorisntatlon  into  the  problem  of  deter¬ 
mination  of  comparative  brittleness .sines  in  oat*  of  small  loads,*.*., 
ZrC  proves  to  be  leas  brittle  than  0  -SiC.but  with  larger  loads  the  op¬ 
posite  happens. 

The  question  arises .what  should  then  characterise  the  compar¬ 
ative  brittleness  of  materials:— .  mutual  *ituation(i.e, .the  run  of  the 
curves) ;  the  start  of  the  curves, l.e.,  the  load  at  which  the  impres¬ 
sions  start  to  orach;  or  their  end.  i.e, ,  when  all  impressions  have 
cracks? 

from  Ti«.  1  It  Is  svldent  that  the  maximum  load  at  which  cracks 
are  still  not  formed  around  the  impression  differs  very  little  for 
the  different  materials  so  that  apparently  this  magnitude  cannot  be 
considered  characteristic. 

As  to  the  mutual  situation  of  ths  curves. obviously  ws  should 
take  here  in  account  the  behavior  of  the  separate  grains  of  tested 
material.  Under  actual  conditions  of  s  multlcryetal  sample. a  grain 
which  is  subjected  tc  the  action  of  the  indentor  will  be  under  con¬ 
ditions  of  a  disproportionate  allround  compression, particularly  whan 
we  take  in  aosount  that  the  refractory  compounds  are  destroyed  in 
the  area  of  elastic  deformation*  .  Svidently, therefore, the  fi*ld 
of  stress  whsrs  ths  testsd  grain  is  located  will  depend  upon  dif¬ 
ferent  factors, e. g. , on  granularity, presence  of  internal  stresses  and 
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r  *o  on.  In  agreement  with  this.  the  grain ■  of  the  material  t«*ted  for  ^ 
micro-brlttleneee  will  behave  in  different  ways,  el  no*  they  will  bo 
in  different  forco  field*.  Thia  will  al*o  eauae  that  for  the  diffor- 
ont  >.\aterlal*  the  curve*  of  nicrobrittleneae  go  different  vaya.etpe- 
elally  that  they  lnteraect.  To  be  able  to  compare  the  different  cur¬ 
ve*  with  e&oh  other, we  muat  know  how  their  enure*  1*  Influenced  by 
the  field  of  atroaa  In  the  aa.qple. 

For  the  eatination  of  thi*  influence, w*  calculated  the  rela¬ 
tive  derivative  P  dn 


along  each  curve, and  conatruoted  the  relation  of  thla  magnitude  to 
the  load. In  this  formula,  P...1*  the  load  at  which  the  number  of  non- 
cracking  lapreaaione  1*  n  (percent. }.  The  derivative  le  calculated 
at  the  point  which  la  chamcteriaed  by  the  given  values  of  P  and  n. 
the  obtained  relatione  are  shown  In  Fig. 2. 

From  Fig. 2  it  ie  evident  that  the  majority  of  the  examined 
material*  are  characterl *ed  roughly  by  an  identical  c<  derivative 
within  the  range  of  20-40  gram*  of  load.  At  larger  loads, the  curves 
e(a  f(p)  begin  to  differ  markedly.  In  our  view  this  provee  that,aa 
to  brl ttleneee^meterlal*  oan  be  compared  by  the  run  of  the  curve* 
n  2  f(P)  only  within  the  limit*  Indicated  by  ua,  and  at  roughly 
identical  value*  of  « .  Moraovar,  the  aamplaa  muat  be  evidently  of 
identical  granulation.  The  moat  reliable  result*  ahculd  b#  obtained 
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Flg.2.Relation  of  relative  derivative  «  to  lead  for 
a  few  refractory  compound#  and  aillconi  1...S1; 

2.. .CtBai  3...T1S;  4...S1C;  5...ZrC;  6.. .TIC; 

7.. .0rB2;  B.^CrgCo. 

_  (Oa  abscissas  P,  in  grame). 

at  the  coop* rl ten  of  the  alcrobrlttlenees  curvet  is  cap#  of  a  load 
tbit  correspond*  to  the  nlalaum  Talus  of  o*  ,l.e,, in  the  given  cat* 
with  e  lo«<?  of  r  s  g. 

The  analysis  of  the  curve*  <*  =  f(P)  indicates  that  with  lar¬ 
ger  Hade  the  effect  of  the  etre**  field  sharply  increases,  and  It 
i*  different  for  different  material*.  Therefore, obviously, the  com¬ 
parative  brittleness  cannot  be  characterised  by  comparison  of  the 
*» curves  by  load*  at  which  all  impression*  have  cracks,  since  these 
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aserA  tudee  dopend  not  only  on  the  physical  nat_re  of  the  tested  wimple 
bit  also  on  the  street  field  in  which  etch  measured  grain  happens  to 
he. 

Attention  ie  called  to  the  fact  that  magnitudes  ie  comparat¬ 
ively  large  for  pure  81,  and  eharply  inoreaeee  with  the  growth  of  the 
lead.  Starting  from  the  above  made  ae«ur.pticns,a*  a  reeult  of  thle,lt 
can  be.  e.vpected  that  for  samples  of  ellleon  of  different  grain  eltee 
the  micro-brittleness  curvet  will  be  different. Experience  confirms 
this  assumption.  On  3flfi.3,*lcrobrlttleneee  curvet  are  shown  for 
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Eig. 3. Curvet  of  microbrittlenece  for  coarse-grained  and 
fine-grained  sample ■  of  eilioon  and  chromium  carbide; 
1, . .ellloon, easels  Ho. 2;  2. ..Si, sample  Ho. 2;  3... 
CrjrCp  sample  N0.I5  4.  ..Cr3C3  sample  No. 2. 

(On  abscissa!  P,in  grams) 

coarse-grained  and  fine-grained  silicon.  The  fine-grained  samples 

eeos  to  be  lees  brittle  than  the  coarse-grained.  This  can  be  ex- 
L 
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plained  to  that  ir.  the  fine-drained  sample  the  tested  grain  ie  under 
conditions  of  &  more  all-round  disproportionate  stress  than  in  the 
coarsegrained  snaple,  whiah  causes  ths  endurance  of  greats?  loads 
without  destruction.  Generally  speaking ,  similar  oonolusione  oan  bs 
also  drawn  on  the  basis  of  ths  Orowan-Grifflth  theory. 

Tor  sake  of  comparison ,Tig. 3  also  shows  the  mlorobrittleness 
curves  for  eaoplee  of  Cr30g  of  different  grain  site.  The  satples  dif¬ 
fer  from  each  other  by  granularity  in  the  some  way  as  the  81  sam¬ 
ples.  In  oorrsepondence  with  the  considerably  smaller  magnitude  of 
c#.  for  Or^C,,  In  contract  with  SI  .the  differenc#  in  tha  mlcro-brit- 
tlenese  curves  for  Cr3C3  is  also  much  lees.  If  at  P  e  30  g.the  value 
of  mlorobrittleness  for  OrgOs  differs  only  by  7  percent. .then  at 
the  same  lead  it  is  28  times  larger  for  81.  This  difference  in  the 
ourvee  Increases  with  the  load, together  with  the  lnere&se  of  the 
value  of  e<,ae  shown  in  Table  1. 

Tam  1. 


si  i 

Cr.C, 

p,  • 
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0.3 

1,02 

20 

1.9 

2.50 
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0.3 

1.07 
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3,0 

3.00 

40 

0,6 

Ml 

60 

2.2 

1,22 

k  (NOTSi  P  ie  given  in  grams) 
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Parallel  with  the  method  of  cenetruction  of  microbrittleneae 
curve*  for  qualitative  cooparieon,  we  have  widely  u*ed  th*  method  of 
electron  microfraatcgraphy. 

The  method  of  electron  fractcgraphy  .developed  by  X.Zapf.i.e. , 
the  atudy  of  th*  ttruoture  of  rupture*, lately  find*  larger  and  lar¬ 
ger  application  for  the  investigation  of  the  character  of  Aeatruc  - 
tion  of  metal*  ard  *lloye,  r.g. ,  of  *leel,in  connection  with  oonpo- 
»ition,*tructural  peculiari tie*, ageing, and  ao  on.a*  well  a*  for  the 
solution  of  other  problem*  of  metallurgy.  Def lei encle*, limitation* 
inherent  in  an  optioal  microscope,  —  the  comparatively  wall  magni¬ 
fication, the  low  resolving  power  and  chiefly  the  email  depth  of 
•harpnes*  —  were  th*  motive  that^ln  the  majority  of  caw*  of  *t*el, 
fractogrnphlc  investigation  i*  made  with  the  aid  of  an  electron  mi¬ 
cro  ecop*. 

V*  applied  th*  eleutra-micro-fractograi-foic  investigation  of 
refractory  compound*  of  th*  type  of  carbide*, borides, nitride*  and  *i- 
licldee  in  order  to  clarify  their  mechanism  of  destruction  in  oon- 
nectiou  with  the  study  of  their  comparative  brittiene**. 

Applied  to  fracture*  of  refractory  compound*, we  worked  out 
a  special  methodology  of  sample  preparation  j$J  which  oon*l»t*  of 
two  *t*p*.  The  fir*t  i*  the  formation  of  an  impression  by  pressing 
the  tested  fracture  surface  into  aoe  toa-eef ter.ed  oelluloid.  After 
drying  of  the  impression  and  it*  separation  from  the  *urf»ce  of 
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the  sample  ,on  the  contact  tide  a  second  tspresslon  ms  dusted  on 

with  tl teal us  or  slltolun  protoxide  (ssoond  stop). The  sopors ties  of 

ths  ssoond  depression  ms  aoooapllshed  by  ths  dissolution  of  the 

first  la  see ton. 

Aeoording  to  this  methodology, structures  of  brlttle'frse  - 
tores  were  sxanlned  for  s  aeries  of  multi-crystal  refractory  oos  - 
pounds  for  vhleh  data  sere  obtained  on  siorobrittleness.  All  sasples 
were  obtained  by  hot  pressing  of  the  powders  of  11*1  ted (aaxioua)ooa.  . 

positions.  Ths  iasples  under  testing  were  destroyed  by  bending  la- 
pact  destruction. 

The  study  of  the  structure  of  fractures  discovered  substanti¬ 
al  differences  In  the  fins  strueture  of  fractures  of  the  different 
clean* s  of  coatpour.de.  Ve  give  below  alcrophotographe  of  the  frao- 
ture  structures  which  are  aost  characteristic  for  this  or  that  type 
of  oonpound .  They  were  chosen  fro a  among  50  -  100  pictures  observed 
In  the  electron  nlerosccps,  and  they  show  the  statistical  character 
of  th«  eleotron  alcrosccp&c  observations. 

A  number  of  ooapound *,«.£. ,  eolusblua  boride  0bB2(Tlg.4)t 
silicon  and  ooluablua  elHoids.are  destroyed  along  a  clearly  fomed 
surface  of  oleavaga  or  separation  .which  can  be  related  to  the  low  re. 

•iatancs  of  detachment  along  tbie  surface  under  the  action  of  noraal 

» 

strsseee.  Considering  that,  as  a  rule,  under  conditions  of  heat 
shocfc.by  ths  sffsot  of  thermal  tensile  stresses  the  material  is  ds. 
ustroyed, owing  to  noraal  stresses, the  low  resistivity  of  thsss  materials 


71 


against  detachment  alone  •  certain  crystallographic  surface 
should  be  related  to  their  negative  characteristics. 

In  tha  other  largo  group  of  refractory  ooqjoundo.ln  the  struc- 
ture  of  the  fraoturo, parallel  with  the  surface a  of  oleavage  and  sepa¬ 
ration,  signs  of  destruction  appear  along  secondary  surfaces  of  clea¬ 
vage  with  oharactsrletio  terrace-like  structure  of  the  fracture,  re¬ 
flecting  the  bloeky  structure  of  the  crystals.  Xn  the  majority  of 
oaeee,  in  these  fractures  the  cleavage  eurfacee  ooincldo  with  the 
crystallographic  eurfacee  of  the  primary  cleavage,  as  it  is  seen, 
s.g, ,  in  slrconiun  carbide  ZrO  (fig. 5) .where  the  surface  of  oleavage 
seems  to  be  a  surface  of  type  (100).  On  fig. 6,  the  terrace-shaped 
fraoture  of  ellloon  carbide  is  presented .and  on  fig.?  that  of  tlta- 
alum  carbide. 

Ve  find  the  aajorlty  of  carbides  in  this  group  of  compound s. 

finally, In  still  another 'group  of  compounds,#. g. ,0r3C2  and 
B^O.new  elements  appear  in  the  structure  of  tho  fractures -which  can 
be  apparently  related  to  plastic  deformation  in  micro-volume. 

from  this  point  of  view,  Tlg.8  is  characteristic  where  the 

* 

structure  of  tho  fracture  of  0r30g  lo  given.  Boro,  two  systems  of 
bent  displacement  murfacee  Can  be  distinguished,  including  three 
neighboring  greins.  In  one  of  tho  grains,  two  plane-slippage  surfa¬ 
ces  intersect,  due  to  which  tho  grain  seems  to  be  smashed  at  a  large 
number  of  blocks  somewhat  disoriented  with  regard  to  eaoh  other. 
l»  Still  mors  direct  signs  of  somewhat  increased  plasticity  are  -I 
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rth»  traces  of  dislocations  (apparently , growth  dislocations)  whose 
outarope  at  the  boundary  line  appear  to  be  In  the  shape  of  punctate 
chains  in  the  structure  of  the  fracture  of  boron  carbide  B^C  (Fig. 9) 
and  chromium  carbide  QrjtOg.  In  these  materials ,  higher  resistivity 
to  thermal  shock  as  well  as  a  known  capacity  of  deformation  at  high¬ 
er  temperatures  can  be  foreseen  when  even  in  these  materlale  cf  very 
great  strength  of  interatomic  bond  the  dislocation  acquires  the  abil. 
ity  to  shift. 

Conclus: one 

The  quail tatlve(const ruction  of  mierobrittleneeo  curves)  and 
the  quantitative (aicrofractographi c)  investigations  of  orittleness 
cf  refractory  metalloid  compounds  make  possible  to  araw  a  few  prelim¬ 
inary  conclusion*. 

1.  The  statistical  curves  of  micro'crittlsness  distinctly  il¬ 
lustrate  the  difference  in  the  ricrobrittlsness  of  the  different  com¬ 
pounds. 

Considering  the  meet  appropriate  comparison  of  micro-plasti¬ 
city  indices  at  a  load  of  20g,the  following  series  cf  the  examined 
compounds  oan  be  recorded  according  to  decreasing  brittleness: 

Si  -  TiS  -  CbBg  -  31 Q  -  ZrC  -  CrBg  -  Cr3C2  -  TiC. 

2,  The  obtained  series  is  basically  reproduced  at  taking  the 
plasticity  of  "viscosity",  determined  by  halmquist  /3j,as  a  criter¬ 
ion.  In  Table  3, we  give  the  data  obtained  for  some  compounds  by 

uPalmquist's  method  and  by  the  method  of  constructing  curves  of  J 

>dcrovH  idleness. 
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TABU  2, 


1 

<beaa 

* 

Kt  MM 

3 

*V' 

4 

S-10*. 

i  CM 

n,  % 

(20  i) 

Cr.C, 

1.300 

40 

14,00 

7! 

cA, 

1785 

34 

9.(2 

6* 

TiC 

3000 

37 

8,26 

73 

2rC 

2925 

25 

4.58 

57 

SIC 

3000 

18 

2,80 

45 

NfaBi 

2595 

12 

1.54 

35 

{ Column  headings!  1... phase:  2. ,.R,  kg/naa;  3...P^,g; 

__  _  4...S.A04  «  c«;  5  . .  .n,  *  (20g). 

A*  It  cun  be  seer  fro*  the  5’alle ,  the  qua! i tat It®  coincidence 
of  the  results  obtained  by  both  aethoda(wlth  exclusion.  of  TIC)  it 
rather  fair. 

3.  Investigation  of  the  different  refractory  co-npoand*  of  the 
titanium  taeU(earbide, boride, nitride, and  eiiicide)  shows  that  the 
iccrnaeji  in  brlttlsnsss  runt  In  the  order  of  Ti&lg  -  SiO  -  11*2  - 
T135  (Fi<;,  10)..Thi»  conclusion  ia  eonevbat  contradictory  to  the  data 
of  Saaeonov  t*nd  Reehpcr  £L)  vbo  obtained  an  increaee  in  brittleneae 
tear,  taniitn  nitride  through  boride  to  carbide.  It  tee,?*  to  ue  that 
*u*h  difference  ie  explained  by  an  imperfection  of  the  method  of 

determination  of  the  brittle  properties  by  the  conpreaeibility  of 

Sii.-w*  Wilers  that  vara  need  by  the  authors  [tj* 
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Jig.  10.Cur\ee  of  rsicrobrittler.eee  for  refractory  titanium 
compounds;  1...T1U;  3, ..TIB.,;  3., .TIC;  ^..TlSig. 

The  theoretical  explanation  of  this  change  In  brittlene** 
from  one  compound  to  the  other  baaed  upon  the  calculation  of  or— 
ly  the  fo’-oe  of  lnteratoric  bond  doe*  not  teem  to  be  sufficiently 
strict  In  our  presentation  either, tine*  —  parallel  with  the  bond¬ 
ing  force*--  it  ia  ubeolutely  neceisary  to  calculate  the  type  of 
bend  and  the  different  relaxation  capacities.  Without  regard  to 
the  fact  that  the  value  of  the  average  •quare  dislocation  for  tic 
i*  le**(C,067)  than  for  the  boride  (0.073),  according  to  our  data 
Tifl  1*  acre  plastic, which  it  also  qualitatively  cor.firned  by  frac- 
tcgraphic  reeearche*.  Thi*  ia  apparently  explained  by  the  greater 
metallic! ty  of  the  bonding  and  by  the  greater  relaxation  capacity 
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of  the  carbide  than  of  the  boride.  Farther  examinations  should  show 

how  oerrect  such  a  viewpoint  it. 

<4.  Quantitative  data  on  the  comparatively  large  degree  of  si. 
crotri t blares a  of  TiO.ohromiu®  oarMde,  and  qualitative  data  correla- 
ted  with  then  and  obtained  by  meant  of  fractography, confirm  the  very 
good  hat  -compreaeibility  and  relative  high  resistivity  to  thermal 
shocks. 

IS.  The  correlative  qualitative  and  quantitative  data  also  co¬ 
incide  for  other  examined  maturiales—  ellieon.eolur'Muin  boride,  tita- 
r.iuc  nitride, and  so  on. 

In  conclusion,  the  authors  express  thanks  to  0.7. Samsonov  for 
the  samples  presented  for  the  investigation. 
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Q)j**tion«  and  Answer# 

2.:  What  i#  the  comparative  brittlene**  of  elliccn  uitride, par¬ 
ticularly  in  reference  to  #11  icon  c*rbide  And  other  coopoundeT 
A.N.Pllyankevichi  We  did  not  study  #lllcon  r.i*rlde. 

t  What  was  the  purity  of  the  initial  material*  —  of  boride, 

nitride,  fcad  *o  on* 

A.r.fllvAakevlchj  They  were  rather  pure  #as.pl:*e, prepared  from 
pure  original  nat^rlals  by  direct  eynthe#!#. 

i  What  wet  wie  purity  of  the  examined  silicon'; 
A.K.Pllyankevlch;  Technical  elllocn  wae  exAalnrd. 

2. i  What  1#  the  reproducibility  of  the  data  on  microbritlle- 

aeee/ 

a.K.Pllyankevlchj  We  made  rush  e>r'erlaent#,  particularly  for 
the  chromium  carbide  eai^lee  obtained  fron  a  particular  par;;-,  The 
reproducibility  of  the  result*  1#  5  to  10  oercent.  at  the  construc¬ 
tion  of  alcrchrlttlerem  carve*. 
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cODiTiusio:;  oi  wo  hl&wvs  vj:x  hard  metal 

V .  Z .  Aricharov  ftt*U  V.M. Konev 
Uralsk  State  University 

In  the  p^eeent  article  the  on-diffusion  of  two  el*Trr.ta  into 
a  third  is  examined  in  systems  of  the  type  of  /  hard  metal  --  mixture 
of  two  chemically  aotlve  gases  I .  for  brevity,  thee*  systems  are  de¬ 
signated  further  on  aa 

Me  —  (  X’4>  X''  ) 
wher«  Me,,, la  netal(hard) 

X*  ...the  first  element(gas) 

X",,..tbe  second  eletnert(saa) . 

Tha  theoretical  value  of  grab  investigations  includes  the  ob¬ 
taining  of  experimental  data  for  the  explanation  of  the  physical  mech¬ 
anism  of  the  reaction  diffusion  in  general,  practically  conditioned  by 
the  need  of  studying  the  techno logical  processes  related  to  the  action 
of  gases  upon  the  third  phase, especially  the  processes  of  gas  corro¬ 
sion  and  chemical  thermal  processing  of  alloys. 

For  the  study  of  the  structural  configuration  in  the  reaction 


.  30 


diffusion  layers  and  of  the  irinetiee  of  the  growth  of  diffusion  la  - 
yers  in  the  triple  ay a tests  of  ths  above  shown  type,  they  must  be  olas- 
sifted. 

The  ciastifl cation  can  be  baaed  upon  a  few  factors  which  Bay  af¬ 
fect  the  process  of  reaction  diffusion. 

Disgrace  of  the  stats  of  systems  formed  by  ooapoundt 
exi>; ting  in  binary  eysteas  of  the  ha-X  type 

The  first  case  is  a  pseuacbinary  diagram  of  the  state  cf  con. 
pounds  with  lnorgonlc  solubility  w'ioh  are  fr^ed.  in  the  Ma-X'  and 
Me  -  X"  binary  system*.  In  this  case, the  formation  of  a  diffusion  lay. 
er  is  observed  which  consists  cf  a  single  phase  with  a  concentration 
gradient  tnat  for  both  components  decrt-ases  b,v  the  layer  depth.  This 
case  is  schematically  presented  on  Jig.l  (g. ..for  reaction  diffusion; 
h. ..for  fsrmation  of  triple  solid  solutions). 


(Words  wi  figure;  Ordinate, . .gao;  on  "b"  diagraa;$olid  eolutlcn) 

U  -» 
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The  second  case  la  ft  pseud ©binary  diagraf.  of  a  state  of  X*  and 
X"  with  organic  solubility  In  compounds  foiled  In  the  Me  -  X1  and 
Me  «.  X"  binary  eystens,  Hara  the  diffusion  plctura  already  hat  another 
type  (Tig. 2). 


* 

1  £  * 

J 

• 

w 

f  i 

'5 

i 

1 

31  ■ 

^  * 

_  Tic. 2.  _ 

The  eurfaoe  layer  will  consist  of  a  phase  which  contains  more 

of  the  element  that  has  smaller  diffusion  aobiltty.  At  a  certain 

depth, tha  layer  of  the  other  phase  can  alto  exist  which  has  increased 

concentration  of  the  element  of  greater  diffusion  aoblltty.  This  case 

is  schematically  presented  oa  tig.  Z  (jj,  ..fcr  reaction  diffusion; 

for  formation  of  triple  solid  solution). 

As  a  result  of  different  diffo»ion  mobilities  of  the  elsoeatt 

in  the  reaction  layers, the  depth  of  penetration  of  one  decent  will 

be  greater  than  that  of  ♦ho  other  in  both  of  the  above  cases, 
u 


;-:2 
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Xig.3. (So  legend) 

(On  ordinate*  Oae) 

The  third  cam  i*  the  absence  of  solubility  ef  X1  and  X"  in 
the  binary  compounds  of  the  pseudo-binary  system  MinX'g  -  Me^X11^. 

In  this  ones, divergence  is  the  chemical  relationship  of  elem¬ 
ent*  X'  and  X"  to  the  meted  (s.g,,  the  chemical  relationship  of  elem¬ 
ent  X»  is  larger  to  the  metal)  will  play  the  aein  role  In  the  fcr- 
aatlor,  of  the  structure  of  diffusion  layer.  Here,  it  is  supposed  that 
ucd^r  the  considered  conditions  (at  definite  temperatures  and  pres- 
surs  of  the  gas)  both  components  MejjX'jj  and  Ms^X"^  are  theraodyna- 
aically  stable. 

On  the  eurface  of  metal, a  layer  starts  to  form  which  consists 
of  phases  existing  in  ths  Ms  -  X'  blaan'  systsm.  Qlots  :  If  othsr 
oonpounds  are  present  In  this  system  betide  MeBX*a,thea  each  c i  then 
u  foras  an  independent  layer}  the  lay««  are  arranged  one  after  another  J 
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rin  the  order  of  the  increase  In  metal  contsntj  Due  to  the  absence 
of  solubility  of  element  X"  in  It,  thla  layer  doee  not  permit  X1'  to 
penetrate  into  the  metal, and  to  fora  a  oompound  in  the  Me  -  X*  bi¬ 
nary  system.  Thus, In  this  case  there  will  be  no  Interaction  of  the 
two  gaseous  components  with  each  other.  If  they  are  interacting •how¬ 
ever,  then  the  process  can  be cose  complicated .since  the  metal  it  in 
on  atmosphere  composed  fron  the  compound  X’^X^twhlch  is  possible, 
with  free  exoass  of  one  of  these  elements) .  The  process  will  limit 
and  regulate  the  interaction  of  the  metal  with  the  surplus  element 
and  with  the  phaee  newly  formed  froa  the  gaseous  components. 

abaction  diffusion  mechanism  In  the  Me  -  (X'-f  X1*)  system 
The  diffusion  mechanism  in  the  Me  -  X1  and  Me  -X"  binary  sys¬ 
tems  shovs  influence  upon  the  diffusion  laechonlsn  in  the  Me  -(X‘+X") 
system.  We  admit  that  in  the  Me-X'  binary  system  the  metal  preferab¬ 
ly  diffuses  outwardly  through  the  reaction  layer,  but.contraryvlse, 
In  the  Me-X"  binary  system, .  element  X1'  plays  the  advantageous  role 
in  the  diffusion.  It  penetrates  into  the  de.'th  of  the  metal  on  whose 
surface  a  reaction  layer  haonens  to  be  forced.  In  the  trifle  system 
K*  -  (X1 f  X" )  the  layer  arrangement*  are  formed  one  after  another, 
correspondingly  composed  from  phrase  of  the  HsnX^  and  the  MSpX^ 
phaaes(  accurate!'-  speaking,  MSaX'*^  and  MSpX'q.^X"^  ),  Ths 
character  of  uiffvu'on  is  here  Qualitatively  the  same  ir.  each  layer 
as  also  in  ths  corresponding  binary  systsm. 


oh 


r  The  klnetloo  of  ouoh  proceeseo  or*  determined  os  tho  basis  of  “» 

diffusion  velocity  la  that  of  tho  layers  of  Ho^X’^g  X| )  typo 
where  tho  diffusion  it  tho  aoot  haapered.  Moreover,  klaotleo  dopen&a 
upon  tho  poooihlllty  of  tho  fonaatloa  of  oolld  phaooo  between  tho  gas. 
oouo  components  oa  tho  aotal  eurface.  This  oaa  dolay  tho  spood  of  tho 
ponotratloa  of  diffusing  atone  into  tho  aotal ,  or  tho  aotal  on  tho 
surface  proparoo  a  toalo  —  a  gaseous  aodlua.  Thlo  faotor  oaa  alto  af> 
foot  tho  structural  formation, since  tho  low. lying  diffusion  lay or* 
will  bo  now  uador  other  thermodynamic  condition#  than  without  thlo  lay. 
or  (difforont  partial  pro sours  of  tho  gaooous  ooaponoato  abort  tho 
phaao  of  tho  typo  MenX'B  and 

Tho  klaotleo  of  tho  prooooooo  also  depend  upon  tho  phaoo  ol- 
oaoata  (or  upon  one  of  thorn)  which  are  able  to  aocolorato  or  slow 
down  tho  diffusion  prooeoo. 

Tho  data  published  on  tho  dloeuoood  problem  are  very  few .and 
for  tho  present  all  mentioned  oases  eannot  bo  dlrdotly  confirmed  by 
experiment*. 

Tho  second  of  the  eonoi&ered  cases  lo  confirmed  by  investlga. 
tloa  conducted  oa  oo-dif fusion  of  cr.rbon  end  nitrogen  la  chroalua 
fij.  Thlo  oyotoa  Is  practically  very  Interesting.  It  is  found  that 
V  and  0  participate  simultaneously  in  tho  process  of  diffusion  into 

t  • 

Cr.  Oa  tho  surface  of  Or  .phases  of  tho  ohroaiua  carbide  type(Cr3C2, 
Cr^Oj)  are  formed  with  changed  paraaotero,  which  Indicates  the  oolu- 
U,  tlon  of  U  in  those  phaooo.  Under  tho  carbide  layers,  tho  roentgen.  J 
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cgrauhlc  and  matallograohic  exam! nat ions  found  the  Cr^I  phuee.  Const- 
quentiy.the  front  of  K  diffusion  Is  r.ore  quickly  changing  place  than 
the  carton  front,  by  penetrating  deep  into  ths  metal  and  forming  a 
nitride  phase.  In  publication  JlJ, it  was  shown  that  the  overweight 
of  enmpl*s  at  the  eodiffusion  of  C  and  K  into  Cr  is  greater  than  at 
the  saturation  with  C  alone.  This  le  explained  in  ths  following  man¬ 
ner.  At  the  Intrusion  of  1!  into  Cr,  the  volume-centered  Cr  lattice 
ie  transformed  Into  the  hexagonal  lattice  of  CrgB  which  in  lta  turn, 
at  diffusion  of  carbon,  ie  transformed  into  the  hexagonal  lattice  of 
Ci7C;<.  The  transformation  of  the  hexagonal  lattice  of  Cr^l  into  the 
hexagonal  lattice  of  Cr7C7  ie  easier  than  the  transformation  of  the 
volune-centered  chromium  lattice  into  the  lattice  of  Cr^Cg  at  the 
intrusion  of  the  carbon  alone  Into  chromium. 

In  oaee  of  chromium  oxide  in  the  air,  S  will  alec  partlcivate 
in  the  prooese  of  the  reaction  aiffueion  of  0  into  Cr  [2 J.  Cn  the 
•urface  of  Cr,  chromium  oxide  CrgO»j  is  fcrved.  Under  this  layer,  the 
layer  of  the  hexagonal  chromium  nitride  Cr^H  ie  found.  Here  aleo, 
the  front  of  N  diffusion  is  transfsred  into  the  depth  ouicker  than 
that  of  the  oxygen.  The  lattice  parameters  of  chromium  oxide, which 
1#  forr.«d  at  the  oxidation  of  Cr  In  the  air,  differ  from  the  para¬ 
meters  of  pure  Cr203.  Thi«  differer :e  indicates  that  N  dlffuslr-a 
takes  place  through  the  oxide  layer  into  the  metal, forming  a  nitr¬ 
ide  layer  between  the  oxi'*e  layer  and  the  metal. 


In  both  extiii lned  caiti,it  qualitative  picture  can  be  imagined 
for  the  distribution  of  the  diffusing  elements  in  the  diffusion  sone. 
The  change  in  the  parameter  of  the  prase ;  which  form  the  external 
layer  is  insignificant.  Ihe  content  of  the  third  element, solved  in 
this  phase, Is  very  small.  Sut  under  the  external  layer, a  nitride  lay- 
er  is  situated  in  both  oaeee.  In  this  layer  more  nitrogen  is  contain¬ 
ed  than  in  the  top  layer.  as  a  result, the  content  of  the  third  elem¬ 
ent  (  in  our  two  examples  —  the  nitrogen)  at  a  certain  depth  of  the 
diffusion  zone  is  greater  than  its  content  in  the  direct  neighbor¬ 
hood  to  the  surface(S«e  diagram  in  Tig. 3a). 

Troa  the  published  experimental  data  on  the  research  of  ccdif- 
f'usion  of  S  and  C  into  iron,  it  can  be  concluded  that  nitrogen  accel¬ 
erates  the  saturation  of  iron  with  G.ond  diminishes  the  teopejature 
at  th*  beginning  of  the  interaction  of  0  with  ircr.  67-  i*  was  also 
established  that  at  oodll' fusion  of  a  and  N  into  iron.the  diffusion 
front  of  5  is  transferred  into  the  depth  quicker  than  the  diffusion 
front  of  0.  At  simultaneous  saturation  of  iron  with  C  and  N.the  sur¬ 
face  layer  is  depleted  fr?n  nitrogen  [zj,  i.e.,the  II  concentration 
is  the  greatest  at  soue  depth  of  the  diffusion  tone. 

In  our  opinion, the  here  introduced  experimental  deta  directly 
confirm  the  second  case, considered  iu  our  report  at  the  classifica¬ 
tion  of  the  diffusion  phenomenon  in  triple  system  of  the  Me-^XHX") 
type, At  to  the  first  and  the  third  case, unfortunately, they  were  net 
‘-specially  investigated. 
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Questions  and  answers 

A*  *  Has  there  bean  any  kind  of  quantitative  computation  for 
the  case  of  diffusion  of  two  elements? 

V.N. Konev:  I  have  already  said  that  the  first  stage  of  the  stu¬ 
dy  of  diffusion  in  triple  systems  was  the  classification  of  the  pheno¬ 
menon.  Quantitative  computations  will  be  the  next  step. 

SL*  *  How  will  the  codiffusion  of  nitrogen  and  carbon  monoxide 
run  in  sllioon  at  high  temperatures? 

V.N. Konev:  It  is  difficult  to  answer  this  question, because  ue 
did  not  Lum  the  nature  of  behavior  of  silicon  in  relation  to  gases, 
especially  in  relation  to  00*  It  is  not  known  what  kind  of  medium  00 
is  for  silicon  at  high  temperatures  —carburising?  or  oxidising?  If  it 
uis  both  carburising  and  oxidising, then  a  triple  system  is  created.  j 


r  — 

The  ding ram  of  the  state  end  the  relation  of  each  element  or 

compound  in  the  silicon  should  be  known. Then, this  question  can  be  an¬ 
swered. 

Discussion  on  too  report  of  I.N.Frantsevich.A.N.Fllyakevich, 
and  of  V.I.Arkharov  and  B.K. Konev 
Y.S.Neshpor  (Inst. of  Metal  Ceramics  and  Special  Alloy a, AN  USSR): 

It  seems  to  me  that  attention  should  be  paid  to  the  nature  of 
the  forming  phase.  The  point  is  that  in  the  metal-metalloid  systems 
a  few  phases  are  formed  with  different  contents  of  metalloid  atoms. 
Attention  should  be  also  paid  to  what  kind  of  phase,  upper, lower  or 
in-between, is  formed  at  the  diffusion  of  this  or  that  metalloid  in¬ 
to  the  metal, and  how  the  second  component  affects  the  formation  of 
this  phase. 

In  the  works  of  G.V. Samsonov, it  was  shown  that  at  tr.e  diffu¬ 
sion  of  silicon, as  a  rule, an  upper  phase,?  disilicon, i. e. ,MeSi^  is 

£ 

formed. 

This  is  so  explained  that  the  difference  between  the  configu¬ 
ration  of  silicon  bonds  is  the  smallest  in  the  elementary  state, and 
in  till:  phaee.lt  is  true,ve  should  say,  that  the  discussed  researches 
were  made  only  with  a  single  metalloid, end  there  was  no  second  met¬ 
alloid. 

This  question  should  be  studied  in  a  further  later  work. 

I  have  a  number  of  remarks  on  the  report  of  I.B. Frantsevich 
and  A.N.Pilyankevich  about  microbrittleness.  Their  data  basically  co¬ 
incide  ,  with  this  difference  that  according  to  one  data  of  I. N. Fran- 


rtMvich  ane  A.l-.Pilyankevich  the  nitrides  are  lass  brlttla  than  the  ' 
carbides* 

li  my  opinion, in  general  the  evaluation  of  brittleness  only  by 
the  tempo  of  the  increase  of  destruction  with  the  inorease  of  load  is 
not  sufficiently  accurate.  The  point  is  that  the  character  of  the  ap¬ 
pearing  craoks  itself  depends  upon  the  brittleness  of  the  substance 
which  is  being  examined. 

2h  reality, if  there  is  any  kind  of  impression, then  at  exceed¬ 
ing  the  limit  of  strength  when  the  material  does  not  have  sufficient 
ability  to  disperse  the  elastic  stresses, concentration  of  stress  will 
occur  at  the  boundaries  of  the  impression ,and  as  a  result  there  is 
destruction  of  the  materials.  Moreover .one, two  or  more  cracks  can  be 
formed.  Obviously, the  character  of  destruction  reflects  the  grade  of 
brittleness  of  the  substance.  If  we  say  that  there  are  two  substances 
from  which  one  has  greater  capacity  of  dispersing  the  elastic  ten¬ 
sions,  and  the  other  has  less, then  the  probability  of  crack  appearance 
will  be  less  in  ths  first  cass. 

In  our  works  on  microbrittleness, we  need  some  other  factor  of 
brittleness  which  it  should  take  in  account  in  detail,  i.e.,the  de¬ 
grees  of  brittleness  were  evaluated  not  only  in  relation  to  the  num¬ 
ber  of  impressions, but  also  to  their  character. 

We  have  selected  the  five-degree  system  for  the  evaluation  of 
brittleness. The  average  degree  of  destruction  1st 

L  Z-0netin1+2n2  +  M,  -1 
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where  . .  .is  the  number  of  impressions)  the  subscripts  indicate  ths 
character  of  impressions  (l...one  crack  on  ths  impression)  2... two 
cracks, and  so  on).  We  took  degree  0  for  abssnce  of  cracks)  degree  l... 
for  one  or  two  cracks j  degree  2... for  2*3  cracks t  degree  4... for  more 
then  three  crecke,  end  finally  degree  5  •••for  complete  destruction  of 
the  impression. 

Such  a  graduation  of  brittleness  obviously  characterizes  the 
behavior  of  the  sample  in  ease  of  brittle  loading.  Of  course, to  vount 
only  the  magnitude  of  this  degree  is  not  enough.  One  has  also  to 
count  the  tempo  of  its  growth  with  the  load.  It  is  probable  that  the 
material  will  be  more  brittle  the  larger  is  the  degree  of  destruc  - 
tion.i.e. ,the  more  cracks  are  on  the  impression, and  the  quicker  this 
sign  increases  with  the  load.  We  accepted  this  final  factor  of  brit¬ 
tleness  j 

'  dt 

£<  -  Z  — 
dp 

where  Z. ..is  the  degree  of  brittleness)  da/dp... is  the  tempo  of  in¬ 
crease  in  the  degree  of  brittleness  by  the  load. 

In  our  experiments, tn*  following  order  of  brittleness  was  ob¬ 
tained]  —  silieicie,  boride,  nitride,  carbide.  Here, by  comparison  with 
the  data  of  I. N. Frantsevich  and  A. N.Pilyankevich, carbide  and  nitride 
charge  place. 

These  data  fully  coincide  with  the  data  on  brittleness  which 
we  obtained  by  way  of  estimating  the  packing  apead  of  the  powders  of 
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compound*  at  compression. 

The  coincidence  of  the  brittleness  factor, determined  by  two  com¬ 
pletely  different  methodology .gives  basis  for  the  assumption  that  these 
data  are  the  most  correct*  Moreover, in  the  carbides  the  directed  bonds 
are  more  marked, and  the  rigidity  of  bonding  is  greater, the  asymmetry  of 
vibrations  smaller:  there fore, they  should  be  still  more  brittle  than  the 
nitrides.  The  dispersion  of  stresses  in  the  carbides  is  connected  with 
greater  difficulties.  This  corresponds  to  the  knowledge  on  the  bond 
forces  and  lattice  rigidity. 

One  should  agree  with  the  remark  of  A.N.Pilyankevich  that  not 
only  the  bonding  forces  influence  brittleness.  In  the  dispersion  of 
elastic  and  thermal  stresses, in  addition  to  the  interatomic  bond, the 
mass  of  atomic  complex  also  plays  a  role  which  also  determines  the  vi¬ 
brational  mobility.  Both  these  factors  are  reflected  in  the  magnitudes 
of  the  amplitudes  of  atomic  vibrations, computed  by  the  Debye- Valler 
formula .With  this  magnitude ,n*maly,  we  also  compared  tne  brittleness 
indices(See  V.S.Nsahpor.d  O.V. Samsonov, Pltlka  metallov  1  metallo- 
vedenie(Fhyslcs  of  metals  and  metallurgy), vol. 4, 1957 ,p,18lj  O.V. 
Samsonov, V.S.Neshpor.L. Khrenova,  Ibid.,  vol. 8,1559, p.623). 

The  mentioned  vibration  considers  both  the  bonding  forces  and 
the  mass  of  the  complex .since  the  frequency  of  vibrations  and  the  at¬ 
om  mats  enter  into  the  formula. 

Finally,  this  question  is  still  not  completely  c la rifled, since 
^reliable  estimates  of  the  degree  of  brlttleneae  are  still  unavailable. J 
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V.N.Konev(cloalng  remarks))  A  remark  was  mada  hare  that  at¬ 
tention  should  be  paid  to  the  nature  of  the  phases  which  are  f crated  at 
reaotion  diffusion  in  the  triple  systems.  We  are  in  agreement  with  this* 
The  point  is  that, In  compounds  of  a  binary  system  of  a  Beta,!  with  one 
element, ,  one  type  of  bond.  can  predominate, and  in  compounds  of  a  bina¬ 
ry  system  of  the  same  metal  with  another  eleaent  another  type  of  bond 
can  predominate*  At  codiffusion  of  these  elements  into  the  metal, the  in¬ 
dicated  reason  can  play  a  substantial  role  both  in  phase  formation  and 
In  the  kinetics  of  the  process  of  diffusion  la^er  formation.  How  this 
is  then  reflecting  upon  .he  structural  formation  and  klnetics.it  is 
difficult  to  say  now,  Wa  naed  experimental  data  on  the  study  of  reac¬ 
tion  diffusion  in  systems  of  the  type  of^Metal-Chemically  active  gasea^ 
For  instance, it  was  pointed  out  here  that  at  the  diffusion  in  the 
Ke-Si  system  Q.V. Samsonov  observed  tne  formation  of  only  a  single 
phase  of  higher  molybdaenus  silicide.MoZi-,.  It  should  be  remarked 
that  there  are  also  other  data  (Kiffer,Nachtigal,and  Fitssr)  on  the 
phases  formed  at  the  reaction  diffusion  in  this  binary  system.  The 
mentioned  authors  also  observ&d  the  formation  of  a  second  melybdaen- 
um  ailicide.Ho^Sig, arranged  between  the  dlslllclde  and  the  metal  in 
form  of  a  very  thin  layer*  It  seems  to  us  that  the  phase  detected  in 
the  diffusion  zone  depends  upon  which  stage  of  proceed  the  formed  pha¬ 
ses  are  in  (has  the  diffusion  process  stabilized?  or  are  there  still 
initial  phase*  of  formation? ) .and  upon  the  methods  which  we  use  for 
uthe  detection  of  the  formed  phases (  an  intermediate  layer  oan  form  J 
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between  the  two  others  in  the  shape  of  &  very  thin  film). 

In  a  short  communication, all  factors  cannot  bo  elucidated  which 
could  have  an  influence  upon  the  process  of  reaction  diffusion(in  com¬ 
plex  systems). 

The  remark  of  V.S.Neshpor  is  correct  as  to  the  kind  of  phases 
that  can  be  formed  st  diffusion:  —  lower, or  upper  in  reference  to  the 
metalloid. 

The  point  is  that  wa  have  to  consider  here  the  totality  of  fac¬ 
tors  which  influence  the  process  of  pnase  formation.  Bor  the  establish¬ 
ment  of  the  general  law  of  reaction  diffusion  in  triple  systems  of  the 

^  } 

tyj*  cf^Hard  metal  --  Two  chemically  active  gases)  we  have  to  have  a 

sufficient  number  of  experimental  data  on  the  study  of  diffusion  in 

concrete  systems  of  the  indicated  type. 
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STRUCTURE  AND  PROPERTIES  OF  RARE-EARTH  METAL  BORIDES 


O.V.Saasonov  A 
N.N, Zhuravlev 

(Institute  of  Metal  Ceram-  „ 
les  end  Special  Alloys, 

AN  USSR  A 

Moscow  Stats  University 

[ Mots s  Ths  following  persons  participated  in  this  work*  B.M. 
Tsar sv, Moscow  Engineering  Physical  Institute t  G.A.Kudlntaeva, 
V.S.Neshpor,  and  lu. B.Raderno, Institute  of  Metal  Ceraaios  and 
Special  Alloys, AN  USSR  M.M.Uaanekiy , A, A. Stepanovs,  Moscow 
State  University*7 


Borides  of  the  rare  earth  sets Is, of  scandii*, yttrium, lanthanum, 
and  of  the  lanthanides .lately  found  application  in  the  electronics 
£  1,27  where  their  high  thermal  emission  characteristics  are  utili- 
isedt  —  low  work  function  et  theraal  emission,  stability  at  low  pres¬ 
sures,  stability  in  rsgard  to  ionic  bombardment, ability  to  work  at 
high  field  intensities.  Due  to  ths  complete  absence  of  poisoning  by 
the  cathodes  of  borides  of  rare-earth  aetala  in  air,  they  can  be  used 
in  sectional  systems  of  electronic  devices. 

The  use  of  cathodes  from  lanthanum  boride  in  the  synchrophaso¬ 
tron  with  high  field  intensities  (up  to  105  v/ca)  and  with  a  working 
(.temperature  of  1650°  permits  ths  Upping  of  current  densities  up  to  4 
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r?c  A./cm2,  With  the  selection  of  a  current  of  AO  A/cm^.the  service  life"' 
of  such  a  cathode  consists  of  about  250  hours, but  with  the  asking  of 
a  few  special  technloal  measures, this  life  can  be  increased  even  to  ?00- 
?50  hours. 

The  boride  cathodes  work  well  a3  magnetron  type  amplifiers  with  a 
current  density  of  5  A/em2  at  a  field  voltage  of  2000  V/ca  and  with  a 
working  temperature  of  15OG0  (}), 

The  lanthanum  boride  cathode  at  the  cyclotron  of  the  Institute 
of  Physics  of  the  AN  USSR  has  been  working  for  many  dozens  of  hours. 

The  tantalum  cathode  at  the  same  cyclotron  worked  _2  hours. 

The  auto-electronic  emission  of  the  rare-earth  aetal  borides, 
and  particularly  of  lanthanum  hexaboriie  $7,  with  a  cold  point, under 
the  effect  of  external  electric  field, permits  the  obtaining  of  a  cur¬ 
rent  of  about  1  A, which  at  an  about  5-6-micron  diameter, corresponds  to 
«  current  density  of  emission  exceeding  10^A/c»3,  f$J 

In  connection  with  these  advantageous  anc  specific  properties 
of  boride  cathodes, the  Institute  of  Metelle  -Ceramics  and  Special  Al¬ 
loys  of  the  AN  USSR,  the  Chair  of  Physics  of  Solids  at  the  Moscow 
State  University,  and  the  Scientific  Research  Institute  of  Radio  En¬ 
gineering  and  Electronics  started  a  wide  research  on  the  conditions  of 
obtaining  the  properties  and  the  structure  of  rare-earth  metal  borides. 

For  the  preparation  of  rare-earth  metal  borides  the  interaction 
reactions  of  metal  oxides  with  boron  carbides, or  with  boron  in  vacu- 
jjitt  were  used:  j 
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lta203  ♦  B^C— >  K*Bx  ♦  00  f 
H»2°3  ♦  B  - - }  K*BX  +  BO  t 

A  number  of  now  phases  were  dbtected  he  re, among  than  tha  dibor- 
lda  of  aoandiua  /E/,  3rt.tr  iua  /y.lanthanw  and  curium  /|/,  praaa0d3nd.ua, 
naodyaiua.aaaariua  /9/, europium  ^10/, gadolinium  /fi/.tarbiua  and  djra- 
proaiua  holalua  ^11,12/.  erbium  /l27,3rtterbiua  and  lutatium 

Moreover,  a  number  of  now  phaaas  vara  detected^ among  then 
tha  diborlda  of  aoandiua  ^fc,l3/»  tha  tatraborldas  of  gadolinium,  dys- 
proslua,holmiua, erbium  and  lutatium  /j$,ll,l2,lb/. 

Structuraa  and  Ciyatallo-Chaaioal  Paouliaritlaa  of 
Rare-Earth  Matal  Boridaa 

Presently, the  rare-earth  natal  boridaa  of  composition#  MaB^, 
MeB^  and  KeBg  ara  known. Among  than  tha  beat  known  are  tha  structure 
and  properties  of  tha  MaBg  hexabo rides.  Tha  first  haxaboridas  vara 
daaoribad  by  Staokelborg  and  Neumann  in  1932  (iff  fbr  lanthanum,  ca¬ 
rl  ua,  praaaodyalun,  naodjndun.and  erbium. 

The  boridaa  of  composition  MaB^  have  eubio  lattice  of  tha 

type  of  caesium  ohlorida .with  a  centered  octahedron  from  six  boron 

atone  (Fig.l).  Zt  la  crystallo-chenically  correct  whan  wa  interpret 

their  structure  in  tha  shape  of  an  octahedron  frame  formed  by  B  at- 

«  * 

oms  in  whose  hollows  tha  matal  atoms  ara  placed  (Fig. 2).  Tha  coamon 
•haps  of  tha  structure  of  tits  eompounds  .and  to  first  approximation 
utha  alee  of  tha  oall  ara  baaloally  determined  by  tha  frame  of  tha  B  J 


Flg.l.  Structure  of  hexaborlde;  v  . ..octal;  o... boron, 


Fig. 2* Projection  of  the  structure  of  MeB,  upon  the 
001  plane;  o...*t»tal;n  ...  boron; 6  ■  boron. 
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si  tows.  The  metal  shows  a  comparatively  lesser  effect,  .although  the  pec¬ 
uliarities  of  the  cell  dimension, and  frequently  also  the  properties  are 
related  to  the  metal  atoms.  This  is  explained  so  that  the  hollows  be¬ 
tween  the  B  octahedrons  are  rather  large  so  thAt  the  metal  a tons  could 
be  distributed  in  them  without  strong  deformation, and  in  some  cases  ev¬ 
en  with  supply  of  free  distance. 

The  rare-earth  metal  hexaborldes  can  be  divided  into  two  sub  - 
groups  {jlS]  the  pertinence  to  which  is  determinea  by  the  valency  of 
the  metal  atom.  An  analogous  thought  is  announced  in  work  where 

curves  of  effective  atomic  radii  of  rare-earth  metals  were  compared 
after  Klemm  and  Sommer  ^9/  with  the  lattice  periods  of  the  hexabor  - 
ides  of  these  metals, and  correspondence  was  found  between  the  course 
of  the  curves.  While  for  the  majority  of  rare-earth  metals  the  course 
of  curves  is  characterized  by  a  drop  as  the  order  number  of  metal  is 
growing, for  europium  and  ytterbium  an  anomalous  course  is  present, i»e. , 
a  sharp  rise  in  both  curves.  For  atomic  radii  this  is  related  to  a 
double-plus  effective  valency  of  europium  and  ytterbium  from  whose 
external  shell  the  exit  of  a  single  electron  for  replenishing  the  def¬ 
ect  in  the  internal  shell  causes  an  enlargement  in  the  size  of  there 
atoms. 

The  close  run  of  the  mentioned  curves  indicates  that  the  effec¬ 
tive  valency  of  metals  in  the  hexaborldes  is  near  the  valency  in  the 
strictly  metel  crystals  and, moreover, it  emphasizes  the  metallic  char¬ 
acter  of  bonding  in  the  hexaborldes.  On  Fig. 3, both  curves  are  illus-  j 
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Fig.  3.  Relation  of  atomic  radii  of  rare-earth  metals  /8 /  and 
lattice  periods  of  tnelr  hexabo rides  to  the  ordar  n unbars 
•...our  data;  x...data  of  other  authors,  # 

(On  ordinatai  a. .^radius  of  natal  atom, A;  b... lattice 
period  of  hexaboride.A  ). 


tratad  with  computation  of  the  data  obtained  by  us  for  lattice  periods 
of  the  hexaborides  of  europium,  holad.ua,  dysprosium  and  lutetiua. 

In  its  turn, with  consideration  of  its  above  indicated  interpre¬ 
tation,  the  character  of  the  course  of  lattice  jmriod  corves  permits 
to  chose  the  latter  values  from  the  existing  values  of  lattice  peri¬ 
ods  OdB^  a*4,112  -4.110  %  *nd  a**4.l3  -  4.14  as 

well  as  to  interpolate  the  approximate  values  of  lattice  periods  of 

the  still  unknown  hexaborides  of  promethium  (a  4.126  %),  terbium 
L  J 
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't  a  d  4.12  X)  and  thulllu n  (a  &  4.11  X). 

Wa  tried  to  establish  the  criteria  of  natal  hexaborides  forma- 
tion  as  follows  /21 J .  In  the  MeB^  borides  the  greatest  number  of  mutu¬ 
al  bondings  Is  formed  between  the  B  a tons (five ) .directed  by  the  vertex 
of  the  octahedron.  The  construction  of  these  bondings  cannot  be  real  - 
lzed  only  by  single  electrons  of  the  B  which  has  the  maximum  valency, 
equal  to  three.  Additionally, the  attraction  of  about  two  electrons 
from  the  metal  atoms  is  also  required, which  is  confirmed  by  quantum 
mechanical  computations  Due  to  this,  the  possibility  of  hexa¬ 

borides  formation  should  be  related  to  definite  magnitudes  of  the  first 
and  second  potentials  of  metal  ionitation  characterizing  the  degree  of 
linkage  of  two  outer  electrons.  By  comparing  the  factual  material  on  the 
presence  of  hexaborides  in  ratals  with  the  ionization  potentials  of  tho 
latter, we  conclude  that  the  metals  can  form  hexaborides  in  the  case  if 
the  magnitude  of  their  first  ionization  potential  does  not  exceed  6.6- 
-6.9  eV.and  that  of  the  second  —  11.5  to  12  eV.  All  rare-earth  met¬ 
als  satisfy  this  condition,  also  such  bivalent  metals  as  Ca,Sr,and  Ba 
which, as  stall  known,  also  form  metalloid  hexaborides. 

On  the  basis  of  the  data  knotarj  from  the  literature  and  obtained 
by  us  on  the  values  of  lattice  periods  of  hexaborides, the  lengths  of 
the  Me-Me,Me-B  and  B-B  bonds  were  computed.  The  value  of  the  parameter 
of  the  B  atom  was  accepted  equal  to  0.207, in  analogy  to  the  structure 
of  CaB^.  The  obtained  lengths  of  bonds  are  given  in  Table  1.  The  ra- 
Ltio  of  the  bond  length  to  the  sum  of  atomic  radii  (oO  can  serve  as  J 
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Fig »U. Relationship  of  valuaa  of  the  lines  of  bond  lengths  in 
hexaborides  to  the  order  of  number  of  lanthanides. (On 
_  abscissa :  A tool o  number  of  metal)  _ _ 

relative  characteristic  of  the  bond's  strength. 

From  the  examination  of  the  relationship  of  these  ratios  for 

tMe-Me,Me-B,and  B-B  bonds  to  the  atomic  number  of  the  metallic  oompo-  J 
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nents  of  the  corapounds.it  follows  that  in  etch  period  the  M»-Me  end 

Me -8  linkages  sre  diminished  at  the  transition  from  bivalent  into  trl- 
valent  metals  (Fig. 4),  In  the  lanthanides  group, this  ratio  for  the 
Me-Me  linkages  gradually  decreases  with  the  Increase  of  the  netal's 
atomic  number.  However,  two  sharp  peaks  are  for  the  hexaborldes  of  eu¬ 
ropium  and  ytterbium  in  which  metal  ions  apparently  are  present  in 
the  bivalent  state, similarly  to  the  ions  of  Ca.Sr  and  Ba. 

The  ratio  2  rj,  /  (B-B)  will  change  relatively  little  with  the 
change  of  the  atomic  number  of  the  metallic  components  in  hexaborldes, 
but  in  hexaborldes  of  the  lanthanides  group  it  almost  remains  cons¬ 
tant, somewhat  decreasing  in  hexaborldes  of  europium  and  ytterbium, which 
ie  related  to  the  comparatively  large  atomic  radii  of  the  latter. 

This  shows  the  great  rigidity  of  the  linkages  of  B  atoms  with 
each  other,and  it  explains  the  stability  of  the  MeBg  lattice. 

Borides  of  MsBg  composition,  found  for  scandium  and  yttrium 
4*6,13»2^7j  typical  for  the  transition  metals  with  closed  d-electron 
state, have  a  structure  represented  by  successive  alternation  of  hexa¬ 
gonal  layers  of  metal  atoms,  arranged  in  the  nodes (points)  of  the  close¬ 
ly  packed  hexagonal  lattice  with  a  small  ratio  of  c/a,  and  layers  of  B 
atoms  forming  hexagonal  two-dimensional  cells  (Fig.5)«The  spatial 
structure  of  the  Me 82  type  can  be  represented  as  if  built  from  trihed¬ 
ral  prisms.  The  B  atom  is  surrounded  by  three  B  atoms,  and  six  met¬ 
al  atoms.  The  3  atoms  are  in  the  oenters  of  the  prlsms,the  metal  atoms 
gt  the  vertices.  Ths  metal  atom  is  in  the  center  of  hexshedral  prisms  -i 
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Fig. 5.  Structure  of  dlbort.de  (MeB-). 

(On  figure  1  x... metal  atom; 

•...boron  at:m) 

and  is  surrounded  by  12  B  atoms.  The  lattice  period  of  diborldes  is 
given  in  Table  2. 

Borides  of  the  MeB^  composition  According  to  the  data  in  the 
literature, the  tetraborides  of  uranium,  thorium,  cerium  ^17/, and  yttri¬ 
um  are  crystallised  in  the  MeB^  structural  type.  The  same  struc¬ 

tural  type  was  found  by  us  for  the  tetraboride  of  gadolinium,  holmi- 
um, dysprosium,  and  lutotium  ^fl  ,12,14^. 

In  Table  2, the  values  of  the  £  and  £  periods( constants)  of  te- 
L  J 
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'TABLE  1.  Lengths  of  bonds  In  hexaboride  lattices 


TT“ 

Me— Me, 

0 

A 

.  _  2  'M. 

4 

CD 

_ _ fMe+'» 

■T . — 

B-B. 

• 

A 

a  m  2 
"*  B— B~ 

1  Me— Me 

CsBt 

4.15 

0.952 

3,06 

0,925 

1.72 

1.01 

SrB, 

4,20 

1,020 

3,09 

0,970 

1.74 

1.00 

BaB, 

4,29 

1,030 

3,16 

0,980 

1,78 

0,98 

ScB* 

4,35 

0,746 

3.20 

0,775 

1,80 

0,97 

YB, 

4,06 

0,877 

3,01 

0,885 

1,89 

1,03 

LaB, 

'.15 

0,900 

3,06 

0,853 

1.72 

1,01 

CeB, 

4,14 

0,877 

3,05 

0,885 

1.71 

1,02 

PrB, 

4,13 

0,885 

3.04 

0,885 

1,71 

1.02 

NdB, 

4.13 

0,877 

3.04 

0.886 

1.71 

1,02 

StnB, 

4.13 

0,896 

3,04 

0JM 

1,71 

102 

EuB, 

4.16 

1,000 

3,07 

0,961 

1.72 

1,01 

QdB, 

4.14 

0,870 

3,04 

0,877 

1,71 

1,02 

DvB,‘ 

4,13 

0,855 

3,04 

0,870 

1.71 

1,02 

HoB 

4.12 

0,870 

3.04 

0,870 

1.71 

1.02 

ErE, 

4.10 

0.865 

3,03 

0,870 

1,70 

1,02 

Ybrf, 

4.14 

0,934 

3,05 

0.916 

1.72 

i.oi 

LuB, 

4,11 

0,846 

3,03 

0,861 

1.70 

1,02 

(Kota:  1... Phase) 

traboridaa  are  quoted  according  to  the  different  aeta. 

The  atructure  of  tetraboridea  can  be  represented  as  a  combina¬ 


tion  of  atructure  Hep.  and  KeB^  vhere  MeB^  formula  itself  is  obtained 
as  an  arithmetic  average  •  i  (MeB2  *  HeB^).  ^  structure 

(..there  are  both  trihedral  prisma  of  the  Me32  type  and  tetrahedral  ones  J 
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rTABU.  2,  Lattice  2U&S&L2L  Utt  <tt»"  and  .tatra-barldas  af 
lanthanides. 


—Jg — 7 

BopHAKM  $aaa 

a 

c 

c/a 

JIirrepaTypHNft_ . 

HCTCWHHK  (2.J 

ScB*  .  .  . 

tiiit 

3,140 

3.510 

1,118 

14 

YB,  ... 

*  »  e  e  • 

3.78 

4.40 

1,163 

24 

VB.  .  .  . 

7,0! 

4,00 

0,573 

17 

cdt  .  .  . 

7,205 

4.090 

0,568 

25 

PrB.  .  .  . 

7.200 

4.D 

0,570 

17 

SmB*  .  .  . 

•  •  •  •  • 

7.12 

4,07 

0.572 

17 

OdB*  .  .  . 

7.13 

3.86 

0.541 

[6 

GdB4  .  . 

•  •  e  •  » 

7,079 

4.030 

0.669 

[14! 

DvB*  .  .  . 

7,23 

4,09 

0,564 

Ml.  12] 

HoB4  .  .  . 

7,15 

4.09 

0,572 

M.  12 

HoB4  .  .  . 

•  .  •  •  • 

7,050 

3,992 

0,588 

[Ml 

LuB.  .  .  . 

7,15 

4,04 

0,582 

I 

1.  12! 

LuB*  .  .  . 

•  •  a  «  « 

5,953 

3,930 

0.587 

H4I' 

(Notet  1... boride  phase j  2... source  in  literature), 
similar  somewhat  to  distorted  MeB^  cubes  (  Fi£.6).  In  the  centers  of 
the  trihedral  prisms  the  individual  3  atoms  are  distributed,  but  in 
the  channels  leading  through  the  tetrahedral  prisms  there  are  octahed¬ 
ron  s  of  B  Atoms.  The  octahedrons  do  not  have  common  vertices.  The  B 
atoms  from  the  square  crons  sections  of  the  octahedrons  and  the  B  at¬ 
oms  in  the  trihedral  prisms  fora  flat  cells  of  ^-meriber  *nd  ? -member 
rings.  Thus,  the  structural  ground  of  MeB^  appears  ;.o  be  a  combination 


•  —  4M;  0  — 4Bj*, 


n«.6.  Structure  of  tetrabo rides. 


Physical  propartita  of  rare-earth  metal  borides 

lhamlo>ilc  emission.-  Tha  parameters  of  thermionic  amission  of  almost 
all  r»r»-earth  metal  hexaborides  have  been  now  investigated.  On  Pig*?, 
the  relation  of  work  function  of  rare-earth  metal  hex abor Ides  is  shown 
to  the  order  number  of  the  metallic  oomponents  according  to  the  data 
of  (z oj  and  supplementary  data  acquired  by  us, together  with  B.Tearev 
and  Q.A.Xudintseva. 

?ot  the  explanation  of  this  relationship, the  work  flij  made  use 
of  ths  theory  of  atomio  structure  of  rare-earth  elements  elaborated  by 
JK.A.j£l'y*shevloh  (2&J  end  of  the  representation  of  the  electronic  j 


v\ 

structure  of  nexabori.d«  n  ^  12,22,2;: ,29  -  31/. 

The  essential  content  of  this  explanation  is  the  following. 


Fig  ,7. Relation  of  worR  function  of  r*re-earih  metal  hexaborldes 
and  of  trie  number  of  possible  states  to  the  order  number  of 
the  metallic  components. 

(a. ..number  of  ;orsibie  K  states;  b...vork  fw'e tion, 
b;  c... order  number  of  metal). 
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The  bonding  between  the  metal  and  boron  atone  in  tha  hexaborldee 
Is  raaliaad  by  alactron  cooperatives  formed  by  alaotrons  of  tha  normal 
or  excited  d-ahell  and  partly  of  alaetrona  pertaining  to  tba  s-shells 
of  tha  matal,  and  not  us  ad  In  tha  linkaga  with  boron*  In  tha  haxaborldea 
two  systems  of  ener  bands  have  to  be  considered  —  a  narrow, weakly  ax. 
cited  4f-band ,  and  a  cospa rati rely  wide  hybrid  5d-6t  band. 

It  la  known  that  at  the  normal  state  tha  majority  of  tha  atoms 
in  rare-earth  elements  do  not  have  5d-electrons,but  on  aeoount  of  the 
vicinity  of  energies  of  the  4f  and  jd  states, the  latter  ones  apparent- 
ly  penetrate  into  the  haxaborida  cry stale, due  to  f-d  transitions*  In 
particular, for  tha  doubly  ionised  atoms  of  rare-earth  elements ,  4f  4 
4fn“**5d  transitions  take  place  ^28/ • 

The  probability  of  f-d  transitions  and  consequently  also  the 
degree  of  free  conductivity  eleotrons  in  the  hybrid  ad-band  are  deter¬ 
mined  by  the  degree  of  filling  of  the  4f-band  and  by  the  number  of  pos¬ 
sible  states  of  the  f-electrons  in  these  bands,  - 

Since  the  4-f- shell  of  rare-earth  alamants  is  comparatively 
weakly  excited  at  the  formation  of  chemical  bond  * tha  maximum  mul¬ 
tiplicity  of  Xhund(T)  foj  can  ba  applied  to  it, according  to  which 
tha  largar  ia  the  stability  of  the  shell  and  the  degree  of  linkage  of 
its  filling  eleotrons,  the  higher  is  the  number  of  the  possible  terms. 

r 

On  Fig*7,the  number  of  the  possible  terms  is  given  for  the  4f-elec- 
trons  in  relation  to  tha  atomic  number  of  the  metals* 
u  Th#  maximum  multiplicity  and, consequently, the  greatest  degree  J 
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of  electron  linkage  and  the  smallest  possibility  of  f-d  transitions 
fits  europium  and  gadolinium  according  to  these  data;  eaoh  of  then  has 
seven  electrons  in  the  4f -shell  in  the  normal  state. 

Obviously, with  the  increase  of  linkage  degree  of  the  f -electrons 
and  with  the  difficulty  of  the  f-d  transitions,  the  work  function  of 
the  electrons  ought  to  grow, Which  is  qualitatively  also  shown  by  the 
comparison  of  the  relation  of  work  function  and  the  number  of  possible 
terns  To  the  atomic  number*  A  sharp  drop  appears  for  gadolinium  which 
has  one  Jd-electron  tnat  seems  to  be  essentially  free,  similarly  to  the 
unique  electron  of  alxaline  metals*  In  the  last  rare-earth  element,  the 
lutetium, the  appearance  of  one  5d-electron  outside  the  closed  14-elec¬ 
tron  4f-shell  does  not  provoke  a  sharp  drop  in  the  work  function  at  the 
transition  from  ytterbium  hexaborlde  to  lutetium  hexaboride.  This  ie 
due  to  the  powerful  shieldirg  of  the  sd-orbits  of  the  4f-shell  which  is 
very  much  saturated  with  electrons  in  the  dysprosium-lutetium  series. 
Essentially,  after  its  atomic  structure,  lutetium  should  be  considered 
not  a  rare-earth  metal  but  a  d-transition  metal,  the  first  in  the  or¬ 
der  of  lutetium  •  platinum. 

The  values  of  work  function  of  scandium  and  yttrium  (correspon¬ 
dingly  2.96  and  2,22  eV)  are  subject  to  the  laws  sstablishsd  in  work 
C  34/  for  the  borides  of  transition  metals. 

Thus, the  hexaborldes  of  yttrium, lanthanum, gadolinium, and  lute¬ 
tium  which  have  the  smallest  work  function  have  the  best  prospect 
tfor  application  in  electronics.  J 
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Fig. 6.  Magnetic  momentums  of  the  lanthanoids  and  of  their 
haxaborides.(On  ordinate:  Magnetic  momentum,*^ ^  ;  or 
abscissa:  Atonic  number) 

Magnetic  properties.-  On  Fig. 6, according  to  the  data  of  the  works 
,(’32.36,3 \i}  we  gave  the  relations  of  the  magnetic  momentums  of  lantha- 
noids  and  of  their  hexaboridee  To  the  atomic  number.  Both  curves 
practically  coincide  .'This  fact  point*  to  a  very  weak  participation 
of  the  deeply  situated , strongly  shielded  hf -states  in  the  organisa¬ 
tion  of  bondings  botween  the  metal  atoms  and  the  complex  atoms  of 
:Ln  the  hexaborides. 
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^•ctria  and  thermoelectric  propertlbg.  -  Information  on  the  electric 
resistance  of  borides  of  lanthanides  is  very  little  at  present.  At  room 
temperature,  tbs  specific  resistance  is  17  microhm  oa  for  LaB^t  60.6 
aicrohm  cm  for  CoB^  /fij »  *nd  260  microha  on  for  SaBg  [s] . 

Thus, the  resistance  of  hexAborldes  increases  with  tho  growth  of 
the  filling  of  the  4f- etate, 1. e, , with  the  growth  of  their  stability, 
according  to  ths  rule  of  Khund(t). 

In  connection  with  this, it  can  be  expeoted  that  the  resistance 
of  europium  hexaborlde  will  be  the  greatest  and  that  of  the  hexabor- 
ides  of  gadolinium, ytterbium  and  lutetlun  the  smallest.  The  oharacter 
of  the  resistance  msasuTtsant  with  the  temperature  for  the  hex*  bo  rides, 
as  it  was  shown  on  the  example  of  lanthanum  hexaborlde  [j£j , is  typical 
for  the  metals. 

The  Investigation  of  the  thermoelectric  properties  of  hexabor- 
ldes  indicates  that  the  practical  absence  of  vaoancy  states  in 
the  hexaborldes  causes  a  low  value  of  theraoeleotromotive  force  in  met¬ 
al  vapors* 

Other  physical  properties.-  As  for  the  borides  of  the  transition  met¬ 
als,  tiis  lanthanide  hexaborldes  art  distinguished  by  melting  st  high 
temperatures,  baroness , moderate  thermal  expansion  coefficient, and  high 
thermodynamic  strength. 

The  most  ftlly  investigated  are  the  thermal  expansion  coeffi¬ 
cients  of  those  hexaborldes  which  with  a  sufficiently  good  expression 

fa veal  a  bond  with  the  atomic  radii  of  the  metallic  components ,by  J 

being  inox'eaflrtJ  with  ths  decrease  of  the  latter.^/T^. 
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Questions  and  answers 

£. tin  which  fora  are  the  hexaborldes  used  —  in  the  fora  of 
tapes,  wires,  or  round  pellets? 

O.V. Samsonov:  Hexaborldes  for  cathodes  are  used  in  the  shape 
either  of  powder  which, with  the  aid  of  a  nitrobinder.is  smeared  upon 
the  tantalum  cathode,  and  then  the  cathode  is  processed  by  suitable 
manner,  or  in  the  shape  of  hot-pressed  specimens.  At  hot-pressing, cyl¬ 
inders  are  made,  than  these  small  oylindara  are  processed  into  foras 
required  for  the  cathode.  This  processing  is  done  by  eleotrlc  erosion 
or  plate-anchanical  method  as  well  as  by  ultrasound. 

Can  wires, pellets  and  tapes  be  made  froa  hexaborldes?—  this 
is  difficult  to  answer  at  present, but  the  preparation  of  such  sec  - 
tions  would  be  extremely  useful  and  necessary.  The  tapes  or  wires  of 

he/ftborVte  could  play  an  Important  role  in  electronic  devices,  Such 

1.  .  .  „  .  J 

a  question,  therefore,  t©  old  !  est  be  ont  to  the  researchers  01  ooudar 

rolling.  .  ^5 


PRECISION  DETERMINATION  OF  THE  LATTICE  PERIODS  OF  BORON  CARBIDES  OF 

B2.75  10  B6  75  COKPOSITION  B-  MEANS  OF  ROkMOE-GG-U* 

OBTAINED  WITfiLM  THE  RANGE  OF  LARGE  ANGLES  OF 
SCATTERING  (  G  -»  90°  ) 

V. I. Kudryavtsev  and  Q.V.Sofronov 
(All-Union  Scientific  Research  Insti¬ 
tute  of  Abrasives  and  Polishing) 

Last  jear  in  the  All-Union  Scientific  Research  Institute  of  Ab¬ 
rasives  and  Polishing  much  attention  was  paid  to  the  problem  of  in  - 
creasing  the  accuracy  of  the  roentgen  method  of  research,  particularly 
at  the  precision  determination  of  the  crystal  lattice  constants  of 
different  substanoes.and  firstly  of  the  abrasive  materials—  the  sil¬ 
icon  carbide,  corundum, boron  carbide.  As  a  result  of  the  conducted  ex¬ 
periments, first  in  the  national  practice  of  roentgenography, the  problem 
of  fixation  of  the  roentgen  reflection  maxlmuns  in  the  range  of  large 
scattering  angles  has  been  solved  in  an  exceptionally  simple  manner. 

At  present, in  the  ordinary  Debye  camera (  i  57*3  on)#  roentgenogram  can 
be  obtained  with  setting  the  reflection  at  0  ■  88. 5° •  and  with  the 
Saohs  camera,  at  @  ■  89#5°# 


r 
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Fig.  1 .  Roer,  t  senog  ram  taker,  by  the  large-angles  ftetiiod  with 
a  camera  having  a  needl»  collimator. 

The  intensity  of  the  roe.-.tgen  lines  in  the  range  of  large  scatter¬ 
ing  angles  is  rather  large ,a»d  the  shape  of  line  is  satisfactory  wr.ich 
alone  permits  the  oe termination  of  the  (3  value  with  ver;  great  accuracy 
(Fig. 1.2). 

The  absolute  values  of  the  lattice  constants  are  calculated  air- 

actly  by  the  angle  0  .without,  the  use  of  any  analytical  or  graphical 

method  of  extrapolstion.vith  an  accuracy  in  the  order  of  +  u.Ool  percent. 

of  the  measured  magnitude. 

u 
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Fig. 2.  Pxientgenogram  taken  by  the  large-angles  method  with  a 
camera  having  a  needle  collimator. 

a. ..pyrite, alpha -radiation  of  cobalt;  b.,» fluorite, alpha- 
radiation  of  nickel;  c...tireoniu»  boride,  alpha  radiation  of 
copper;  d. . .tantalum  boride,  a^pha  radiation  of  copper;  e... 
alpha-radiation  of  quart*,  alpha  radiation  of  cobalt;f. ,. 
sodium  I'l’ iort.de, alpha  radiation  of  copper. 


In  our  investigations  needle  collimators  were  used  for  the  ca  - 
mera  of  the  Debye  type  (Fig,  3a)  and  a  flat  cassette  of  new  design  with 
needle  collimator  for  the  reveres  film  (Fig. 3b). 

The  preliminary  roentgen  analysis  of  the  technical  samples  of 
boron  carbide  of  unstable  composition  showed  that  the  values  of  its  lat¬ 
tice  periods  are  changed  from  sample  to  sample.  In  some  cases,  on  the 
roentgenograms  obtained  by  the  large-angles  method,  we  observed  a  j 
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Fi*.3*.Roentg«m  Debye  camera  with  needle  collimator. 


'vary  large  shift  of  the  line*, peaching  5°  (from  82  to  87°).  This  shift"1 
of  the  lines  also  resulted  in  a  longer  study  of  the  lattice  constant* 
§.  and  £  of  boron  carbide.  As  standard, we  used  two  boroqearblde  samples 


of 


the  following  chemical  composition! 

for  g^yCt  78.68#  s  0.i<*  Cfpe,!  0.756 


8j0j| 


for  82.86JS  S^ondt  13*62^  0,33^  ®2®^  * 

These  samples  were  subjected  to  multiple  roentgen  examinations  in  eop- 
per, cobalt,  nickel  and  chromium  radiation. 

In  the  flat-cassette  camera, the  distance  between  sample  and  film 
was  standardized  by  silver, photographed  in  nick*’  rave  (hkl  »  422) 

83°43').  (Flg.4),  Lattice  constant  £  for  silver, according  to  [c) 
was  equal  to  4.07724  kX. 

The  photography  in  the  cylindric  camera  with  asymmetric  charge 
of  film  made  it  possible  to  determine  the  effective  radius  of  the  came¬ 


ra  for  each  roentgenogram  ’•'ith  great  precision. 

The  obtained  roentgenograms  were  pho tome taped  on  a  recording 
KPH-4  microphotometer.  The  microphotograms  were  measured  on  an  I'iA-2 
comparator.  The  accuracy  of  the  Debye  ring  camera  was  ♦  0.05  mm. 

The  precision  determination  of  the  lattice  periods  of  boron  carbide 
was  made  byv  roentgenograms  obtained  in  the  range  of  large-angle  scat¬ 
tering,  For  instance,  at  the  photograph  of  to  non  carbide  (3^/^C)  in 
oorper  rays, the  reflections  on  the  roentgenograms  was  fixed  at 
0  niax  *  85°57*.*nd  in  chromium  rays  at  10 *  84°54 •/, 
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Fig. 4. Roentgenogram  of  silver  obtained  at  reverse 
reflection  in  nickel  rays* 


The  h^l  indices  of  the  reflection  plane  have  the  following  values: 

344  for  copper  0( *  radiation , 

328  for  cobalt  "  " 

419  for  nickel  "  " 

226  for  chromium  "  " 

At  roentgenograms  taker,  in  cobalt  rays  (Fig. 5)  and  copper  raas.the 
hexagonal  crystal  was  composed  of  a  system  of  two  equations  of  quadrat¬ 
ic  fora.  The  solution  of  the  two-equation  system  gave  the  following  J 
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Fig. 5. Roentgenogram  of  boron  carbide  and  B.  C  taken 

in  cobalt  rays  with  asymmetric  film’  3  b*'5 

placement  in  a  camera  having  needle  collimator. 

valu«3  of  magnitude  4  and  £  for  the  examined  samples  of  boron  carbide: 

a,kX  c,k!(  c/a 

B4.45  C  J.5897  12.0500  2,156 

B6.75  C  5.6300  12.1940  2.166 

Tne  shift  of  lines  on  the  roentgenograms  in  the  range  of  large-angle 

scattering, reaching  5°i»*w's  to  be  the  result  of  distortions  of  the 
crystal  lattice  which  arise  in  the  boron  carbide  as  a  result  of  the  for¬ 
mation  of  a  hard  solid  solution  of  boron  of  very  high  concentration. 

In  Table  1  we  give  the  values  of  the  lattice  periods  of  boron  car¬ 
bide  obtained  by  various  authors. 

Ve  think  that  our  results  are  very  accurate  arid  reliable  since 

the  values  of  lattice  periods  were  determined  by  roentgenograms  obtained 
L  J 
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TABLK  1.  Val ues  of  lattice  constants  a  and  c  of  boron  carbide 

mm mmm  i  — ■  ■  ■  —w ww  i— miWi— — — — ■  m  hi.  —  <mm m—m  mmm 


1  Astopu 

a.  kx 

C,  KX 

c/a  | 

hkl 

^  6 

BWC 

Many- 

UeHHS 

Avuiex  131,  1953  r . 

5K*shos  r.  C. 

Mmdcoh  f\  A., 
)Kypaaaes  H.  H., 
Csmcoho*  T.  B, 

5.8997 

12,0456 

1 

2,151, 

306 

37*30’ 

b4c 

Cu 

HI.  1594  . . 

KyApasuee  E.  H., 

CrxppoHoe  r.  B.,  1957  r. 

5,5867 

12.0055 

2,165 

603 

76*00’ 

87*30’ 

> 

Cu 

1  Cu 

5,5887 

12,0500 

i 

2.156 

344 

87*00’ 

BM5C 

j  Co 

(Column  headings:  1... authors}  2. ..radiation.  — 

Names  of  authors  under  1»  Allen  (jJ ,\9 53 1  Zhdanov,!.'''.  ,Heer- 
son  V. A. .Zhuravlev  i».K,,  Samsonov  F.B.  /ft/, 1554}  Kudryavtsev 
_  S.I.  .iofronov  G.V.  ,195'?)» 

in  the  large  -angle  range  of  scattering. 

For  the  standard  boron  carbide ,i.e. , the  carbide  with  the  small¬ 
est  value  of  a  a*'d  £  constants,  with  the  proposed  hkl  indices  and  wave¬ 
length  values  cf  the  Kg-radiation  of  copper, cobalt .nickel  and  chromium 
we  calculated  the  possible  magnitudes  ol ©  reflections  (Table  2). 

The  experimentally  observed  values  for  boron  carbide, taken  in 
cobalt  rAys,are  also  given. 
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1A32J  8.  Vrlu*s  of  the  «G)  Angles 


~i 


(Ooluan  heading*  i  1.. .hkl  of  ref leotloo  plene;  2..,  computed 


*alue,E»<1  -radiation  of  copoer;  S. . .  computed  T»lae«Xe<^  -redietlon 
of  oobalt;  4... experimental  value, 8°^  redietlon  of  oebelt;  B..,oeI* 
ouleted  value, Kg^i  redietlon  of  chremlue.) 


4 

hki 

I'ICwTiWI 

Beceemoe  3 

— 

C 

Pecvrmw 

*  MW 

IT^-neyeMae 

■OlMTl 

jfa|«tty*e»ae 

■den 

A^-ueyeene 

xpoMe 

Oil 

9*  SP 

II*  27,5' 

11*  18* 

14*  44' 

003 

II*  02' 

12°  80.$' 

12°  32d* 

16*  31.5' 

102 

11*  45' 

13*  41' 

13*  36' 

17*  39' 

110 

15*  66' 

ir  37,5' 

16*  SI' 

24*  07,5' 

014 

ir  29,5' 

20°  25,8' 

20*  20 

26*  32' 

201 

16*  84' 

22*  06' 

22*  00' 

28*  47* 

!  13 

19*  34,6' 

22*  52' 

22°  47,5' 

29*  52' 

022 

20*  or 

23*  25’ 

30*  34,5' 

106 

90*  R 2.5' 

24*  28,5' 

24"  39' 

31*  58d' 

006 

22*  30' 

26*  23.5' 

— 

34*  40,5' 

204 

24*  02^' 

28*  14' 

28*  04' 

37*  16' 

121 

25*  09' 

29*  34' 

29*  24,5' 

39*  10' 

212 

26*  02,5' 

30“  39,5' 

!  ^ 

40“  44.5' 

026 

26*  45' 

31*  31' 

31*  24' 

41®  59.6* 

116 

26*  07.5' 

33*  II' 

— 

44*  28' 

017 

26*  17,5' 

33*  23.6' 

33*  16' 

44®  47' 

300 

26*  27' 

33*  35' 

— 

45®  04.5' 

124 

29*  38JS' 

34*  415' 

34*  43' 

46®  86' 

303 

30*  53d' 

36*  38J' 

36*  34' 

49®  44' 

215 

31*  80' 

37*  44y5' 

37*  41.5' 

51®  36' 

108 

32*  »8JV 

38*  22' 

36*  17,5' 

62®  36' 

207 

33*  13d' 

39®  31' 

54®  32' 

220 

33*  22,5' 

39*  42' 

39*  36.5 

54®  50.5' 

009 

38*  W 

41*  49' 

— - 

88®  34.5' 

311 

36*  10,5' 

41*  50.5' 

41*  64' 

58®  84' 

223 

35*  37,0' 

42*  33J5' 

42"  27.5’ 

89®  57.5' 

132 

35°  r8' 

42*  56' 

42*  80,5' 

60®  40d' 

036 

36*  57* 

44°  16' 

44*  10'  | 

M*  Jfl' 

306 

37*  40' 

45*  12.5' 

45*  12' 

68®  16' 

127 

ST*  49' 

45"  24' 

65®  4|' 

314 

38*  49' 

46*  42.5' 

4*  *1,5' 

!l9 

39*  32,5' 

47*  40' 

47*  42' 

71®  07' 

041 

39*  40' 

47*  80,3' 

— 

71®  35.5'  1 
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(Table  2,  cont. ) 


•< 

kkl 

PacteTHoe 

SHtteHHe, 

/Ct|-H3Jiy«teHMe 

PacierMor^ 

3HI«t*NKe. 

/C^-awiyveHne 

KOfiUkTI 

— 3$ - 

dKcnepMueHTMMtae 

sHaieHMe, 

A't|*Hajiy«iCNM 

KOfiaJIbTt 

5  PacMeritoe 

xpoMa 

402 

40°  02' 

48®  20' 

72o  58' 

135 

40°  57' 

49°  33.5' 

— 

76o  56' 

0M0 

41*  06' 

49®  46' 

49®  31,5' 

77o  42.5' 

218 

41°  22' 

50®  08.5' 

50®  05,5' 

79o  15.5' 

226 

42°  04,5' 

51°  05,5' 

51®  or 

84o  54' 

044 

43°  12' 

52®  38,5' 

5?®  32' 

— 

231 

44°  02' 

53°  49,5' 

— 

— 

322 

44°  44’ 

54®  49' 

54*  45' 

— 

405 

45°  17,5' 

55®  37.5' 

— 

— 

20,10 

45°  27' 

55°  50.5' 

55°  47' 

— 

10,11 

46*  00.5 

56®  40' 

— 

— 

410 

46°  11,6' 

57“  40,5' 

234 

47°  32' 

58*  56.5' 

58®  57,0' 

309 

48*  15' 

60°  02' 

60°  03' 

— 

4)3 

48°  48' 

60®  54' 

— 

— 

325 

49"  39' 

62*  15' 

r- 

— 

12,10 

49°  48 

62®  30' 

62°  25* 

— 

00,12 

49°  57' 

62®  44,5' 

— 

138 

50®  OS' 

62°  57 y 

— 

— 

02,11 

50°  22.5' 

63;  26' 

— 

— 

047 

50°  56' 

64“  ?2,5' 

— 

— 

229 

52°  35' 

67®  15,5' 

— 

501 

52c  48' 

67®  40' 

— 

*— 

052 

53®  32' 

69®  02,5' 

— 

11.12 

54®  20,5' 

70®  39’ 

— 

— 

408 

54®  34' 

71*  07' 

71®  05' 

— 

21,11 

54°  52.5' 

71®  47' 

— 

416 

55*  18,5' 

72°  42,5' 

*— 

— 

237 

55°  27,5' 

73®  02,5' 

73®  01.5' 

— 

330 

55®  36' 

73°  22' 

73®  22,5' 

— 

504 

56®  30,5' 

75®  34' 

— 

— * 

421 

57°  25,5' 

78*  07' 

78®  or' 

— 

01,13 

57®  36,5' 

78®  40' 

78®  40' 

• 

333' 

57°  53,5' 

79®  36.5' 

79®  36' 

—* 

242 

58°  12' 

80®  44' 

80®  43' 

— 

055 

58®  50' 

83®  31.5' 

83®  31' 

— 

31,10 

59°  00' 

84®  30' 

84°  36' 

— 

328 

59*  18,5' 

87°  00,5' 

87®  03' 

— 

424 

61*  25’ 

— 

— 

151 

62*  25,5' 

— 

— * 

20,13 

62*  37,5' 

— 

*— 

512 

63*  17.5' 

- 

— 

— * 

245 

64*  00' 

— 

— 

*—• 

04,10 

64*  11' 

— 

30,12 

64*  22.5' 

— 

— 

13,1! 

64*  54,5' 

— 

— 

— 

336 

65®  27' 

— 

— 

507 

65®  38' 

-  125  - 

7 


^fabla  8,'Jont.) 


1 

tut 

Pacaarwo*  2. 

Kt  •aanyaeHH* 
MCAM 

b  PacutTHoe 
Mawamc, 

Jf  •atayaaitM* 

KO&U»T« 

7" 

SKcnepNMCHraauKX 

WIWNHt, 

K^-aaayaatme 

Nodaabfa 

—3= - 

Pacaenioe 
Maaemie, 
#T(|-Haaya*NNe 
*  xpoMa 

154 

86*  57.5'  1 

— * 

— 

— 

419 

67°  57,5'  ! 

!  —  1 

— 

19,13 

66°  23'  i 

—  i 

— 

518 

70°  02' 

—  1 

— 

— 

23.10 

70°  16,5' 

— 

- 

— 

2212 

70°  30' 

— 

— 

058 

70°  42,5' 

— 

— 

4C-.11 

71°  10,5'  1 

— 

— 

02.14 

71°  25' 

— 

— 

i  - 

600 

72°  19.5' 

— 

— 

— 

00.15 

73°  07' 

*“■*  i 

!  — 

341 

75s  28' 

! 

i  “ 

— 

603 

76°  21,5' 

— 

432 

76°  59' 

— 

— 

— 

248 

79°  27' 

j  — 

•  — 

32,11 

80°  17' 

i  — 

— 

21,14 

80°  44.5' 

i  * ■ 

157 

82°  06' 

!  — 

— 

— 

520 

82°  36' 

1  - 

— 

— 

11,15 

84°  38' 

i  — 

— 

— 

344 

87°  29,5' 

i  “ • 

i  _ 

(HOB.  Th#  419  plan*  in  tha  Xotj-radlation  of  nidcol  glwaa  a  reflao- 
tion  undar  an  angle  of  =  85°87'). 

froa  the  oalonlatod  lata  of  fable  8  thaao  practical  conoluaiona 


are  drawn, 


L.  it  tha  praolalon  datanination  of  the  intarplanary  diatan- 
oaa  of  tha  lattioa  of  boron  carbida,  roantgonograaa  mat  ba  uaad  ob¬ 
tain*!  on  on*  of  tha  indicated  anod*  plat**.  Tha  aaxima  raflaotioa 
an<la*  which  can  ba  raaehad  har*  ara  tha  following) 


oopper  anod* 
cobalt  anod* 


Bata 

344  8?°30' 

388  87°00» 


J 
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r 


n 


hkl  Theta 

nickel  anode  419  86°87' 

chromium  anode  226  84°54' 

2.  Tor  the  precision  determination  of  the  lattieo  constants 

of  boron  carbide, copper  and  cobalt  plates  must  bo  uood.  By  two  ob~ 

tainod  roentgenograas.a  system  of  two  equations  of  quadratic  fora  of 

the  hexagonal  crystal  lo  composed.  The  solution  of  this  system  gives 

the  vrlue  of  constants  §  and  with  an  accuracy  of  +  0.001 %  of  the 

measured  magnitude. 

In  some  oases,  the  reflection  OSS  and  328  in  cobalt  rays  can 
be  used.  The  corresponding  reflection  angles  will  be  83°31  and  87°00. 

The  calculated  value*  of  reflection  angles  $  for  the  normal 
boron  carbide  with  the  proposed  hkl  indices  and  parameters  a  - 
■=  8. 56967  kX,  and  o  *  13.050  kX  are  given  in  Table  2  (spatial  group 
3®  -  s~3m*  condition  of  existenoe  of  reflections  in  the  hexagonal 

aspect  h  -  k  1  1  a  3n) 

After  the  extreae  values  of  the  lattioe  periods  of  boron  car. 
bidss  of  composition  B2, 75C  and  have  been  deterained,  firstly, 

with  the  method  of  large  angles, the  precision  determination  of  the 
a  and  $  constants  of  boron  carbids  can  be  made  at  all  intervals  of 
the  compounds  from  83,75  to  Sg  7ft,  Secondly,  the  limits  of  the  solu¬ 
bility  of  B  and  0  in  boron  aarblde  oan  be  accurately  deterained. 
Thirdly,! t  can  be  tried  to  give  a  structural  diagram  of  the  forma¬ 


tion  of  a  continuous  series  of  boron  carbides  of  different  chemical 


reo«po.itlon.  from  S13C5  to  BlSCa  from  the  elementary  boron  carbide  I 
B13°3* 

for  thle  we  carried  out  roen tgen  analysis  of  boro n  carbide  taru 
plee  whose  chemical  composition  is  presented  in  Table  3  (see  next  page). 


a.  /»-e- sroo',  B/c-«.7d-4.«: 

^  tf-e-eS  M'.  B/C-4.S0; 

c  e-e-**'!'.  B/C-W; 


,_g.|ri8\  B/C-5.30; 
t»-e-wMTMx:-5.»o 
^  #-e-*h4l'.  B/C-0.78. 


fig.S.aoentgenogrnm  of  boron  carbide  of  different  chemical  com- 
position, taken  with  cylindrical  camera  f  68.5  aa.with  needle  collima- 
tor, in  filtered  Co  rays, with  asymmetric  film  charge. 


jW' 


{"(Addition  to  fig, 6, see  previous  paget  Lott  plane  of  refleotloa 
338  (0^). 

The  preoislon  determination  of  the  lattioe  ptrlodt  of  boron 
oarbide.as  well  at  the  exact  dottralnatlon  of  the  llaitt  of  boron  and 
oarbon  solubility  in  boron  carbide  was  nado  by  the  large-angles  aeth- 
od  jl] .  dll  samples  were  taken  tvloet—  la  oobalt  raye  with  the  use 
of  reflection  froa  hkl  *  388,  and  la  ohroaiua  raye  with  nee  of  re- 
flection  froa  hkl  s  238. 

% 

for  each  eaaple.the  value e  of  £  and  £  of  the  boron  carbide 
lattice  were  deterained.  The  reeulte  are  entered  in  Table  3,  and  the 
roentgenograms  are  In  fig. 6.  (See  preceding  page). 

The  obtained  reeulte  permit  to  draw  the  following  eonclueione. 

1.  2n  ones  of  the  alalaoa  values  of  boron  oarblda,  thee#  values 
of  lattice  perlode  £  and  £  are  at  tha  rate  of  >bond/°boad  z  3.76  to 
4.63,  and  the  auudaaa  value 0  at  the  rate  of  3boad/°bond  *  4*76  - 

-  6.75. 

3.  The  values  of  periods  £  and  £  la  the  >2,750  —  >4  53C 
interval  are  praetioally  constant. 

At  (  a  2  5.5883  .  5.5905  kZ;  A  a  =  0.0082  kX  }  e  S  13.044  . 

-  12.055  kX',  Ac  a  0.011  kX). 

Periods  £  and  £  la  interval  *4,750  —  >5,750  suffer  narked 
changes, for  instance  (yig,7)i 
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ITtaBLB  3,(Firet  half).0h8raeterl«tloa  of  the  Boron  Carbide  iwplM 


~I 


B2*75C  ^  B6.7^° 


(Heta»  «. , .  Cheat  cal  co«roo«ltioa  £5  l...Btound|  2...^^*, 
^■’’^free'  •  *®*bound  *  ®*  *  4®*boan4^  • 


t'S;  XwMKeecKiit  cocrae,  % 
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3. (Scooad  half)  Charaotnrlstlo*  of  boron  oarbl&o  utsploo 
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Fig,  V.Relac  l~  of  reflection  r.ngie  C  to  tht*  rro’jn.'tl'n  of 
ooron  and  carbon  in  boron  carbine,  taker.  by  the  laree- 
angle*  mether.  in  cobalt  ray*:  fiel1*-  of  ref?„»etlon  hkl  z 
.138. 

We  have  the  value  a 

for  b5,0?°  a  =  S.S06  kX  c  s  12.148  kX 

for  B3I293  a  ;  5.ol6  kX  0  2  18.  lw?  kX 

f  >r  B5.73O  a  s  b.XSQ  kX  e  s  12.194  kX 

1.  ?h«  bor-n  oarb'.iie*  -,f  th*  --  B^ggC  interval  aooear 

as  a  continuous  neriee  of  solid  intrusion  solution*  of  cnroan  or  3 

into  tne  lattice  accord i.y  to  the  following  formula* 

B12°34.3  — > 


[where  ...Is  the  elementary  boron  oarbide.  fhe  lot  tic#  of  the  **”j 

Bxg03  boron  carbide  Is  distinguished  froa  tbs  la tt loss  of  othsr  ooa. 
positions  so  tbnt  nil  hollows,— hole*-- existing  in  it  art  vacancies, 
i.s.  .not  oeoupiad  bjr  sithsr  n  1  or  n  0  nton. 

According  to  Olaeor  snd  Moekowite  /sjf.the  aaximua  nunbsr  of  0 
atoas, freely  arranged  in  tbs  vaoancies  of  tbs  ikosabadrie  lattios  of 
»ia03  equals  two.  end  this  tine  B^gOg  transits  into  B^gOg.  According 
to  Olark  and  Board  (%]t  two  B  atone  are  freely  arranged,  and  Bia0^ 
transits  into  B^Og. 

Blue, boron  carbide  of  tbs  oonpoeitlon  (Bg  ^0)  has  a 

lattice  saturated  with  0  atone  to  tbs  aaxinun,  and  Bl408  (B4>67C) 
is  saturated  with  B  atone  to  tbs  next  nun.  VS  oonoider  these  ooqposl- 
lions  of  boron  oarbide  critical. 

4.  fhe  intrusion  of  additional  1  atone  Into  the  lattice  of  the 
critical  oonpoeitlon  B^Og  nay  occur  only  by  way  of  their  replaoing 
the  oentral  0  atone  in  tbs  linear  aha  in  0*0*0.  In  case  of  eon. 
plate  rep  lac  seen  t,  ^g+g^gOa  a  B^gOg  is  forned  with  a  linear  chain 
0  -  B  -  0.  2 a  the  S^Og  •  B^Og  interval  a  eontlauous  series  of 
•olid  replaeeaent  solutions  is  formed. 

fhe  lattios  periods  of  boron  oarbide  are  here  narked ly  changed t 
—  the  larger  the  boron  eoneentratlon  is  in  the  solid  solution,  the 
larger  the  value  of  g  and  2  *•»  *«d  tbs  smaller  the  angle  theta 


r 


In  case  of  boron  oarblds  with  a  solid  intrusion  solution  Into 


ths  whole  interval  of  B^  ?g0  -  B^^C,  tbs  ratio  of  e/a  equals  3.166, 
and  in  oass  of  boron  oarblds  with  solid  replacement  solution  of 
B.  -  8.  this  ratio  is  inorsassd ,and  it  is  8.136. 

4*  M  0ft70 

Acoording  to  *hdanov,8haravlev,  Kssrson,  and  Baasonov  /4/,the 
formation  of  a  oontinuous  ssriss  of  solid  replacement  solutions  starts 
sarlisr,  i. a., with  Bt^Og,  and  in  oass  of  a  full  substitution  ,a  bor¬ 
on  carbide  of  ths  composition  B^gOg  1*  forasd. 

Results  of  the  investigations 

1.  Industrial  enables  of  boron  carbide  of  variable  ooaposl- 

« 

tlon  froa  Bg  76C  to  Bg  7S0  wore  investigated  roentgenogrnphioalljr, 
l.e.,by  the  large  angles  method. 

2.  Precision  determinations  were  conducted  of  the  values  of 
lattice  periods  of  boron  oarblds.  in  the  Bg  ?5C  -  Bfl  7gC  interval. 

3.  a  range  of  continuous  solid  intrusion  solutions  or  B  or  0 
was  established  in  B^Og  without  change  in  the  lattice  periods  in 
the  B^g08  -  Bla03  -  BU03  lntervals(3ee  Tig. 7). 

4.  A  range  of  continuous  aeries  of  solid  replaoaaent  solu¬ 
tions  of  the  central  C  atone  in  the  linear  chain  0-0-0  was  es¬ 
tablished  in  Bi403  boron. 

6.  It  was  shown  that  la  ease  of  full  substitution, boron  car¬ 
bide  of  ooaposltion  B^jOg  is  formed.  Ths  value  of  boron  oarblds  per¬ 
iods  la  the  -  B150a  interval  does  not  remain  oonstant,  but  it 
•depends  upon  the  B  concentration  in  the  solid  solution  of  boron  ~~ 


fciarbide.The  larger  the  3  concentration  i*,th*  larger  the  parameter*  | 
£  and  £  ar*,and  the  smaller  ie  the  reflection  angle  Theta. 
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vneatlon*  and  answer* 

£.  t  Dose  oonatant  £  change  in  the  .  B^Oj  Interval  7 

V.I.Kudryavteevj  The  magnitude  01  conetant  £  la  thle  interval 
renaine  without  change. 

£.  i  What  ie  the  diameter  of  the  needles  ueed  in  the  camera  of 
needle  collimator? 

7.1. Kudryavtsev;  for  work  with  the  Debye  oaaera.we  ueed  a  need, 
le  whose  external  disaster  is  2  mm, and  the  Internal  diameter  of  the 
aperture  1*  0.4  .0.6  mm.  Reedies  can  be  also  ueed  with  smaller  dia¬ 
meter  of  Internal  aperture, but  in  thi*  case  the  quality  of  the  roent. 
genograme  deteriorates. 

£. :  What  wat  the  photeexpovure  timet 

V.I.Kuiryavteevj  The  exposure  depend*  upon  many  factor*  —  _J 


/ 


fen  At  examined  material, the  mt«  length .end  to  on.  1.*. .for  boron 
bid#  photographed  in  oobalt  raya  on  roentgen  fila.the  taxi ana 

expoaure  wki  3  hour*.  At  fllat  wort  exclusively  legible. 

g.  i  What  fllat  did  you  uttf 

▼.X.XudryaTtaeri  Wt  ttartod  working  with  left  flla.but  lntor  we 
ahenged  to  the  Bf-8  flla  tjrpt(  eingle-tide  aero-photo  flla)  which  gleet 
alaoit  no  background.  It  it  true,  At  expo euro  tlat  wat  lncrtatod.bv. s, 
thlt  wat  ooaipeaeeted  by  the  olarity  of  tht  roentgenograms. 

£.1  Bow  aaay  taapltt  wort  examined  tad  thtlr  density  measured? 

V. I. Kudryavtsev i  At  total  nuabtr  of  txaalntd  taapltt  rtaohtd 
800.  Tht  reliability  of  tht  rotultt  oan  bt  guaranteed.  At  d entity  wat 
dttemlned  by  rotntgtn  data  froa  the  magnitudes  g  and  g. 

At  experlaental  data  obtained  by  ut.txprttotd  in  the  fora  of 
a  graph  1  f(B/0)  .aadt  possible  to  prtelttly  deteralnt  the 

oh  Mil cal  ooapoeitlon  of  boron  carbide. And  they  allowed  the  follow* 
lag  oonolutionti 

l.if  At  ratio  it  B/0^  4.67,  Aon  mx  Of 87° (cobalt  radia¬ 

tion.  hkl  a  338) t 

3.  if  B/C>4.67,  then '‘£^<87°. 


leveret  eonelutlont 

1.  if ^ Si  87®  ,  AanB/0<  4.67j 

3.  If  & aax  <  •  then  B/C  >4.67. 

gi  Staples  of  technical  boron  oarbidt  oontein  81.  It  it  pot. 
Itibla  that  At  lkotahtdron  vaoanciee  art  filled  wlA  81  atoatf 
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v. I. Kudryavtsev j  In  the  Tashkent  Maples  of  boros  carbide,  ae  a 


rale, the  81  oontent  Is  always  5  to  ?  per  cent. 

Discussion  on  the  report  of  V.I.Kudryavtssv  and  Q.V.Sofronag. 
K.K.  Zhuravlev  (Mo a cow  State  University) : 

In  the  report  of  7. I. Kudryavtsev  and  Q.V.sofronov  Interesting 
experimental  data  were  obtained  by  changing  the  parameters  of  the  el¬ 
ementary  cell  of  the  technical  samples  of  boron  carbide  with  change 
of  the  content  of  C  bound  In  the  carbide. 

The  Investigation  of  B  alloys  with  C  was  done  comparatively 
early  both  In  our  country  and  beyor.d  the  borders.  In  addition  to 
roentgen  examinations,  tae  properties  of  boron  carbide  were  also 
searched  by  different  methods.  The  results  of  the  meaaurement  of  the 
density  of  boron  carbide  samples  with  different  content  of  bound  C, 
obtained  in  the  work  of  Gleiser  and  at- ere,  and  our  results  of  den¬ 
sity  measurements  confirm  to  some  extent  the  conclusion  drawn  In 
the  expounded  work  on  the  formation  of  solid  intrusion  solution. 

According  to  the  data  of  Gleiser  and  other*,  the  maximum 
pyknometric  density  In  the  carbon-rich  boron  carbide  samples  reach- 
es  2.63  g/cm'  ,  In  the  carbon-rich  samples  examined  by  us  and  by 
G.V. Samsonov,  the  maxima*;  pyknometric  density  was  2.60  g/o»3, 
whereas  the  roentgeno graphic  examination  of  the  sixes  of  elemen¬ 
tary  oelle  of  carbon-rich  sample*  showed  the  minimum  of  its  size. 

The  roentgen  density, calculated  fro*  the  B1203(  B^C) 

f 

-composition  it  2,&l.g/ca3. 


J 


fa«  different  experimental  and  roentgen  densities  permit  to 
ittt*  that  suppleaentary  itcei  intruded  into  the  lattices  of  heron 
carbide  of  B^Og  oompoeition,  i.e. ,  that  eolld  intrueion  eolutione 
were  formed. 

It  ie  interesting  to  ooap&re  the  data  of  the  latter  inveetlg*. 
tiona  with  the  oonetltutlon  disgrans  suggested  In  the  works  of  Samson¬ 
ov  and  Meyerson,  Samsonov,  Zhuravlev,  and  Amnuyel '  and.  others. 

According  to  the  data  of  the  work  of  Samsonov  and  Meyereon, 
rhoaboheiral  boron  carbide  is  formed  according  to  the  perlteotlc  re¬ 
action  (Tig.l).  This  is  not  in  agreement  with  the  data  of  the  works 
of  Kudryavtsev  and  Glelser  and  eoworksrs  which  point  to  ths  presence 
of  a  eolid  eolutlon  in  a  considerable  range  of  conceatratlone. 

Xn  the  work  of  Samsonov  .Zhuravlev  and  Aanuyel ' ,  another  pos¬ 
sible  variant  of  diagram  was  suggested  for  the  oonpoeition  of  the 
boron- carbon  eyetea.  In  thie  case,  the  formation  of  two  boron  earbidee 
of  closely  similar  structures  was  suggested  (work  of  Zhuravlev,  Meyer¬ 
eon,  Zhdanov, Sea sonov).  This  supposition  is  based  upon  the  results  of 
roentgenograph ic  examination  of  a  series  of  boron  oarblde  samples, 
rapidly  ooolod  from  high  temperatures.  On  ths  roentgenograms  obtain¬ 
ed  with  such  samples, the  ends  of  the  line  splinter, 1. e. , at  if  two 
types  of  crystal  .with  closely  related  etructuree.were  obtained.but 
with  different  elite  of  elementary  eelle.  These  samples  were  relat¬ 
ed  to  a  two-phase  range. 


V  Latsr.in  connection  with  th#  Appear  arc#  of  tha  work  of  01el*sr"l 
and  other*,  the  earlier  examined  boron  oarbid*  samples, shoving  splin¬ 
tering  of  the  line  ends  on  th*  roentgenogram  were  subjected  to  a  more 
delicate  reduction.  Than, in  a  heavy  fluid  th*  crystal*  of  various  den. 
altlea  were  separated. Tor  the  separation, bromoform  diluted  with  ben. 
sol  was  used,  2n  the  bromoform  the  erystale  of  maximum  and  minimum 
density  separated  from  the  sample.  Roentgenograohic  examination  show. 
*d  that  the  boron  oarblde  crystals, possessing  both  minimum  and  sax. 
imurn  densities  separated  from  m  single  sample,  have  identical  struc¬ 
ture  and  are  distinguished  by  the  site  of  their  elementary  celle. 

Ory stale  with  large  density  have  smaller  elementary  sells  than  the 
crystals  with  less  density. 

In  addition  to  these  crystals, the  samples  contained  particles 
with  intermediate  vslud  of  density  la  the  range  from  small  to  large. 

On  roentgenograms  obtained  from  these  particles, the  line  ends  were 
eroded ,whieh  la  explained  by  the  presence  of  boron  carbide  orystals 
of  different  sixes  of  the  elementary  cells,  thus, the  presence  of 
boron  carbide  samples  does  not  show  a  composition  fro*  two  phases, 
but  from  eryetsl*  of  different  eir*  of  th*  elementary  calls. 

The  results  of  the  works  of  Olsiser  and  Kudryavtsev  will  har¬ 
monise  with  the  constitutional  diagram  if  it  is  assumed  that  on  the 
diagram  of  constitution  of  the  boron- carbon  system, there  is  a  max- 
lmum.snd  that  boron  oar olds .while  appearing  la  a  phase  of  constant 

i 

'.atate.hss  a  considerable  area  of  solubility. 


Fl.S.yrantM^lob  (Institute  of  Metal  Ceramics  end  Special  Alloys, 


i*  USSR) t 

Horo  we  witnessed  the  exposition  of  the  interesting  methodol- 
o gy  of  preeielon  roentgen  structural  examination  of  structures,  which 
in  ay  opinion  raised  two  questions. 

Obviously, the  first  oondltlon  of  a  work  with  fins  diaphragm 
Is  a  fine-grained  structure  of  the  studied  objects.  B.O.Paton  Institu¬ 
te  of  Sleotrio  Voiding, AN  USSR,  gave  opportunity  to  Koohan  a  few 
years  ago  to  build  a  roentgen  camera  in  which  the  same  needle  eolli- 
astor  was  used  as  collimator.  With  the  aid  of  this  oaaera, roentgen¬ 
ograms  of  aonoerystals  oould  be  taken  in  polycrystal  objects.  By  the 
aethod  of  reverts  phe togrnphy .Mochan  oriented  the  X-ray  beast  upon 
aicroscoplc  aonoerystals, where  the  beast  had  a  eross-seotion  in  the 
order  of  hundredths  of  ailllaeter,  and  he  actually  obtained  roent¬ 
genograms  for  aonoerystals.  Tou  probably  worked  with  a  very  fine  - 
-grained  preparation,  sinos  with  such  fins  beams  you  nevertheless 
obtained  a  continuous  ring. 

Bow, as  to  the  sccuraoy  of  deteral nation  of  the  parameters. 
Significant  figures  to  the  fourth  place  were  given  here .usually  cor¬ 
responding  to  the  method  of  standard  reverse  photography.  la  the  giv¬ 
en  ea*e,  the  standard  was  not  applied.  Of  ocurse,  doubt  arises  as  to 
the  reliability  of  the  last  significant  figure  introduced  by  Tou.  As 
a  rule, the  aethod  of  asymmetric  photography  guarantees  up  to  the 
third  place,  and  not  to  the  fourth  or  still  lass  to  the  fifth.  X 
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freekon  that  in  this  etu  it  it  completely  unnecessary  to  work  with  1 
standard. 

▼.I.rudryavtsev  t  A  ftw  word#  la  reference  to  the  comment  of 
1 .N. front eovl eh. 

Oar  flret  investigations  with  the  ate  of  Injection  needle* 
started  in  l$6l.  fhe  experimental  material  what  we  gathered  was  re¬ 
peatedly  verified. 

Dae  to  the  shortage  of  time,  1  did  not  say  anything  about  tue 
fact  that  at  the  photography  of  flat  edges  we  ueed  silver  as  a  stand¬ 
ard,  but  later, we  need  a  more  rsllf.bla  standard  — monocorund  or 
thermocorund—  .who as  linear  expansion  coefficient  is  a  few  tiaee  lees 
than  for  silver. 

fhs  latter  oomment  is  about  boron  oarblde.we  reckon  that  in 
the  -  B14O3  interval, solid  Intrusion  solutions  of  B 

or  0  atoms  are  formed  in  the  boron  carbide  lattice  without  a  change 
in  the  lattice  constant. 

In  the  Bl4C3  -  B^gCg  interval, solid  solution  is  also  formed 
with  1  replacement  of  the  central  0  atoms  of  the  C  -  0  -  C  linear 
chain. 

ft, ▼.Samsonov  (Institute  of  Metal  Ceramics  and  Speolal  Al¬ 
loys, IK  USSR) t  The  data  given  in  the  report  are  very  interesting  , 
and  they  deserve  attention,  the  more  so  beeauee  they  mostly  coin¬ 
cide  with  the  data  of  Olelter  and  eoworkere  and  the  data  of  Allen. 
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However,  th#*f  data.eontrary  to  the  confirmation  of  V.Z.XU&r- 
yavteev.do  not  refute  at  all  the  aieurptlone  about  boron  oarbld*  and 
about  the  boron-carbon  eyetem  earlier  developed  by  0. A. Hear eon  and 
myeelf,  B.F.Ornoat  and  ooworker#  and  myeelf,  I.H. Zhuravlev  and  1.0. 
Annuel*  .and  to  on.  but  in  our  opinion  they  eeea  to  be  only  their  fur¬ 
ther  development  and  eupplementation  (Zhum.phye.lchlf..  .Wo. B. 1960). 

It  ie  a  pity  that  at  the  time  of  the  publication  of  the  article 
in  the  Zhurnal  phye.khla. ,  w*  did  not  know  the  data  of  V.I.Fudryav- 
teev.yet  thi*  change*  practically  nothin#, eino e  hie  data  are  cloee 
to  the  reeulte  of  Oleieer  and  Allen.  The  "compromise*  forme  of  dia- 
£ff,  given  or.  our  work  can  aerve  ae  •  etart  for  further  eupolomenta- 
tion  and  nor*  accurate  etudy. 

At  it  follow*  fron  thi*  diagram,  the  lower  boundary  of  faono- 
Itenoue  region  of  the  well  freed  eanplee  of  the  beta-phaee  alnoet 
accurately  correeponde  with  the  8^03(15*2^  C)  composition  indica¬ 
ted  by  V.I.Kurdyavteev,  A*  to  the  upper  boundary, thi*  ie  nueh  lower 
than  for  B1206  according  to  Kudryavteev'e  data.although  it  would  be 
already  containing  31.2  percent.  O.beoaue*  it  gee*  beyond  the  boun¬ 
dary  of  the  well-eetabliehed  eutectic*.  The  mechanism  of  the  re  - 
placement  of  the  C  atom#  in  the  0  -  C  -  C  linear  chain  by  B  atom# 
j^OTE;  original  ha*  0  ateme.An  error  tj,**  indicated  by  Kudryavtsev 
ie  also  not  new.  It  wa*  worked  out  in  the  Investigation*  of  0.8. 
fShdanov  and  ooworker*,  with  out  participation,  asd  previously  pub- 


11 Shod  la  a  ftsrlfts  of  ooaauai cations,  whore  only  anoth or  boundary  of  1 
thssw  substitutions  ms  Indies ted,  corresponding  to  tho  foraala  lg80 
lastsed  of  Sg  7RC  ••  ladles ted  by  T.X. Kudryavtsev. 

fhs  continuity  of  trsAsitlen  froa  tho  B0  gC  phase  (  or,  accord— 
lac  Kudryavtsev,  froa  tbs  B7>6fl0)  bo  tho  ,1P°8  phaso(  or, according 
to  Kudryavtsev,  to  tho  >120e)  raloos  doubt  olaoo  at  tho  formation  of 
those  two  phases  tho  physical  prooosoos  aro  aot  Identical.  Phase  BxgOj  # 
is  foraod  by  oubstltution  of  tho  vaeaaeles(  tho  holes)  with  0  atoas, 
vA  phase  »1233  —  by  substitution  of  tho  2  atoas  with  C  atoas. 

Vo  established  this  aoohaalsa  as  a  result  of  a  thorough  study 
of  tho  physloal  properties  of  boron  alloys  with  carbon  la  a  wide 
rang*  of  oar bon  concentrations. 

In  tho  report, tho  purity  of  samples  also  raises  doubt.  Xa  tho 
aajorlty  of  oaoso,  tho  saaplos  wore  obtained  by  are  fusion,  which 
sake i  then  strongly  oontanlnated  with  nil loon. 

Undor  all  olreuastanoeo, further  investigations  should  be  con¬ 
ducted  oa  the  properties  of  alloys  ef  this  lsqportant  diegraa, which 
were  obtained  froa  rery  pure  initial  ooaponeats,  Ve  are  now  conduct¬ 
ing  suoh  an  investigation  with  X.P.Shoravlev,  It  would  be  very  use. 

ful  if  V. I, Kudryavtsev  would  join  us,  fho  preoieioa  asthod  of  the 

» 

roentgen  analysis  of  boroa  carbides  which  he  has  elaborated  oas  find 
very  serious  application. 

fho  first  re  suite  of  thie  work  art  la  agrooaaat  with  our  pro- 

!  J 
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'  vlous  result!  obtained  by  K.N, Zhuravlev  and  I.O. Annuel1,  With  the  ad¬ 
dition  of  carbon  to  boron,  tha  raslstanea  of  tha  latter  sharply  de¬ 
creases  on  account  of  the  decompensation  of  the  bonds  between  the  B 
atone, where  the  boron  oarcide  structure  Is  f oread  with  a  larce  nueber 
of  holes  on  place  of  the  0  atoea. 

Such  alloy  samples  posseea  a  high  conductivity  of  the  hole 
type,  and  high  thnreoaleotroeotor  force  in  aetal  "apore(  260  -  300 
eicroT  /  °G). 

It  should  be  aentioned  that  the  expounded  reeulte  are  prospec¬ 
tive  in  the  eense  of  simplicity  of  technologically  creating  repro- 
duoeable  eeaioonduetor  properties  of  boron  alloys  with  oarbon,  and 
in  the  sense  of  building  upon  this  basis  high- temperature  seal- con¬ 
ductor  devices,#.*, .thermocouples  resistant  to  high  temperature, 
which  ii  the  goal  of  research  in  our  laboratory. 

To  sum  up,  atill  onoa  aora  I  wish  to  emphasise  the  import¬ 
ance  of  the  sclsatifio  research  of  the  boron-carbon  system,  and  X 
with  to  remark  on  the  value  of  the  methodology  and  the  reeulte  of 
▼, I .Kudryavtsev, which  In  themselves  represent  a  turning  point  on 
the  road  of  more  preoisa  idaaa  about  thia  very  complicated  system. 


